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FOREWORD 


In January 1948, the Secretary of the Interior directed that a study 
be made of energy resources and.requirements that would provide a basis 
for continuing appraisal of the adequacy of the Department's programs in 
the energy field. That this instruction was timely has been demonstrated 
by the increasing interest being evidenced by Congress, industry, labor, 
and the public in the future of the energy segment of our national 
economy. Several studies of individual energy sectors have appeared. 
Various legislative proposals have been made in Congress for obtaining 
more information on this subject. 


Substantial interest in energy projections is not, of course, a recent 
innovation. Energy availability and consumption are strategic factors in 
peacetime prosperity and growth and in our national defense as well. The 
past generation's literature of earnest public discussion and of legislative 
consideration of matters involving enerey projections js very a ae 


This is an exploratory study peomieed in the Program Staff of the Office 
of the Secretary of the Interior in the first half of igh and revised 
recently to take account of certain of the preliminary energy data from the 
1947 Census of Manufactures and critical comments. It is offered at this . 
time solely as a technical contribution in economic research teclmique. 

As the Bureau of Mines has recently undertaken to revise this preliminary 
study, critical and other comments are invited. 


James Boyd, 
: eo Bureau of Mines | 


Walton .Seynour, 
Director, Program Staff 
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SUBJECT 


This is a summary of preliminary results of an exploratory study of 
energy uses and supplies in the United States. Although preliminary 
projections for 1965 are presented, the study is offered at this time 
primarily as a description of concepts and statistical apparatus in order 
to receive critical comment and to assist other researchers in this field. 


As used in this paper, energy is defined as mineral fuels and deve Loped 
water power. No animal energy, wood, solar energy, or atomic energy are 
included in these data.2/ 


NEED FOR GOVERNMENT AND INDUSTRY FORWARD PLANNING TO MEET ENERGY NEEDS 


Several related circumstances in the energy economy necessitate forward 
planning to satisfy future energy needs. Energy resources ere physically 
limited and, except for hydropower, undergo drain through time. Much time 
is needed to bring some of these natural resources into production, and 
even more time is needed to substitute on a large scale one source for 
another (for example, synthetic oil from coal for Petroleum) or one energy 
commodity for another (for example, natural gas or fuel oil for coal in 
home furnace use). Very large-scale investment funds and facilities are 
needed whenever increased total demand or substitutions require expansion 
of energy-producing capacity. Much of the energy economy is not and cannot 
be perfectly competitive. 


Energy supply is significant in individual and national economic 
welfare, It is generally believed, for example, that an adequate rate of 
growth in supplies of low-cost energy is a condition necessary to high 


2} Relative to present energy supply from mineral fuels and water power, 


Eugene Ayres has estimated wood-fuel use at a level equivalent to about 5 
percent. J. Frederick Dewhurst and Wilbert G. Fritz have estimated this 
use at about +} percent and have estimated animal energy at about 1/10 of 
1 percent. To the best of our knowledge, changes through time in the 
economy's reliance on the excluded energies do not perceptibly affect the 
major energy trends of the last 20 or 30 years and do not perceptibly 
affect our projections for 1965. 
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levels of productivity and advancing output per manc-hour; that thwarting the 
energy demands of a growing economy would impede economic advance. Further, 
as the art of diplomacy does not preclude war, and as war uses much energy 
in direct military operations as well as in the domestic economy supporting 
such operations, energy sufficiency is important to national security. 


These circumstances in combination require that goverment and the 
energy industries endeavor to anticipate and provide for satisfying future 
energy needs on the most efficient basis possible. To this end, numerous 
private and several government agency projections of requirements and 
supplies have appeared in recent years. 


ROLE OF PROJECTIONS 


A projection is not itself a plan. It is a statistical description of 
what is likely to happen under a specific set of circumstances. As such, it 
is data for policy officials in govermment and industry in planning to meet 
the future. A projection of electricity requirements, for example, merely 
tells the utility official what the future level of demand for icv e-hr’. would 
be under specific circumstances. A projection is thus a tool, a particular 
kind of report, designed to assist policy and planning officials in their 
decision-making functions. It is never more than this. 


But plens - not the forecaster's, but those of others, including the 
planning officials for whom the projections are made - do enter projections 
in the form of basic assumptions. A long-term projection of freight volume 
by railroad management, for example, takes account of production plans of 
coal-mine operators and the United Mine Workers. It also takes account of 
the reduction in coal freight volume that will result from railroad sub- 
stitutions of Diesels for coal-burning locomotives. The fact is, then, that 
in some situations the forecaster necessarily makes assumptions about the 
future activities of the organization he serves, this despite the fact that 
such activities will, in part, ultimately rest upon the projections. But 
there is no real dilemma here - this only means that the end projection and 
the end plan will be reached by successive approximations. 


In addition to serving policy makers in energy-producing and research 
operations, energy projections perform other useful functions. They provide 
other interested bodies, such as Congress, energy-consuming enterprises, 
investment officials, and the Public in general with indications of probable 
develcpments in this important field. These bodies do not conduct direct 
enerry-producing operations, but some are concerned with and do participate 
in the making of policy. Others are concemed with economic policies and 
operations in fields that depend on energy developments. 


Another useful function of energy projections, albeit indirect, is to 
make a summary analysis of the future ccoomic enviornment to which the 
energy sector will be related. Depending on the quality of this summary, 
this can be useful to government and private bodies concermed with the 
mon-energy-producine sectors of the economy. — 
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CHARACTERISTICS NEEDED IN ENERGY PROJECTIONS 


The attempt to this point has been to say that forward planning is 
needed in energy fields; that projections of needs and supplies are necessary 
tools for deciding policies; that projections are not themselves policies or 
programs. it is now necessary to visualize the problems of those officials 
concemed with energy policy and their needs for data in order to specify 
the characteristics needed in the projections. 


The first point is that the projections need be more explicit than 
energy in total. Oil companies, coal mines, pipe lines, and the Bonneville 
Power Administration, for example, are not satisfying total energy demands. 
They are concerned with particular energy commodities. Similarly, the 
military establishment, in planning war needs, and Interior Department, in 
its research and developmental activities, are concerned with snecific- 
energy commodities. It is not very useful to know how total B.t.u. might 
move if the total cannot be broken into specific fuels. Moreover, the 
magnitude of total B.t.u. depends in part on the proportions of component 
energy commodities, as may be illustrated by locomotive fuel, where 1 B.t.u. 
of Diesel oil performed as much work as 5 B.t.u. of fuel oil in 1947. 


Second, medium-term or long-range projections (1965 is used in the 
present study) should be so set up that it will be possible carly and 
continuously to check and correct them and to revise the policies and pro- 
grams based on them. The length of the period, the number of variables 
involved, the deficiencies in past and current data, and the inability 
firmly to predict certain elements make it impossible that all details of 
specific projections for 1965 should be exactly right. No projection should 
be an all-or-nothing proposition. It should not be necessary to wait until 
1960 or 1955 to learn for the first time that a projection made in 1949 
needs revision. Projections that allege to be a basis for policy decisions 
necd built-in warning signals that flash a long time in advance in order 
that programs may be adjusted a long time in advance. The whole purpose of 
projections is to assist in anticipating and solving problems before they 
become crises while at the same time minimizing the cost of mistaken 
policy judgments. 


Third, a projection should be educational beyond just furnishing end 
figures. Its origins should be so explicit that the policy official for 
whom it is prepared can bring his own judgment to bear on the major 
assumptions and relationships. The reason is not only that the policy 
official can offer constructive criticism, but also that the forecasts of 
needs and supplies are not absolutes. Usually, they can enter a program 
only after compromise, on policy grounds, because of considerations beyond 
‘the scope of the projection. For example, tho policy maker may decide that 
the consequences of under-construction are less onerous than those of over- 
construction, or the reverse, and the program should reflect this. Policies 
may have explicit political ends, such as national security, regional 
development, or expanding a market. As such considerations are likely to be 
submerged in the forecasting process, the policy maker should understand the 
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assumptions and their erences implications eee to use the forecast 
wisely. 


Finally, economic teres should have technical characteristics of 
the type familiar to the economist or other statisticien. Chiefly, assump~ 
tions should be explicitly stated so as to arouse constructive criticism; 
the functional relationships should be ,» in 80 far as possible, particular 
and meaningful causal relations of the type on which specialist (e.g, the 
fuel technologist) knowledge can be brought to bear; the deficiencies in 
basic data and techniques should be exposed to the extent possible; and 
the projections should, as a by-product, indicate the new data and enone 
needed to remedy deficiencies. 


PRELIMINARY EXAMINATION 


At the beginning of this inquiry several aggrerative statistical 
relationships were studied. The relationships are described here for three 
reasons: they are informtive in themselves; they introduce the more 
elaborate method uscd later; and, finally, they exemplify the methods used 
in virtually all of the published energy projections. 


Ae Total. Energy 


The simplest relationship is the movement of a total-enorgy series 
through time. Chart A3/ shows the Burcau of Mines series of primary mineral 
fuels and water power produced and imrorted. The total curve rises over | 
time,’ but the movement is quite erratic, and the period ageY to 1939 shows 
no net increase. | | 


The individual primary sees are also shown on the chart. The 
movements of each differ from those of total B.t.u., and one gets the 
impression that the interrelations of the components, which together form 
the total, are complex. Forocasts can be made from these curves by extending 
various trend lines. However, it is difficult to give them a rationale with- 
out a detailed explanation of why the particular past movements took place 
and why these movements might continue in the future. The inconstancy and . 
uncertainty in the trends are such that one is likely to find that trend 
extrapolations of the separate components to, say, 1965, give values that - 
add to a figure different from extrapolations of the "trond" of the total. . 


One potentially important. influence is population growth, which Wigtex: 
ically has been uneven in numbers and in rate. On the hypothesis that this 
could explain all or part of the movement of. the energy curves, the total 
B.t.u.e series is divided by population. The curve in chart B results. This 
states that B.t.u. per capita rose until about 1918, fluctuated at and below 
this level wmtil 1941 (1.0., for more than 20 years), and then rose again 
during the early years of the war. The chart Bcurve, flatter than the 
total curve in chart A, indicates that, in socks a major part of the secular 


3/ Chart and table explanations appear at the boginning of the goa the 


charts appear at the end of the appendix. . 
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growth in total B.t.u. is associated in time with population growth, but 
that a considerable part of B.t.u. variation is associated with other . 
variables. If the individual energy items were shown on a per-capita 
basis, the two coal curves will be falling and the other items rising. 


The hypothesis set up is then about as follows: Energy is an item in 
the bill of materials for the Nation's "physical" output of goods and 
services (gross national product, in constant prices). The aggregate amount 
of energy used is therefore determined by the level of economic activity. 

If this hypothesis is valid, it will be found that the B.t.u. time series 
tends to vary with the time series of national product. (This comparison 
can be made with either total or per-capita series). Comparison of charts 
B and C shows that, in fact, the Bet eu. Series and the national product 
series vary together. 


These data are now translated into B.t.u. per wnit of national product, 
on the analogy of tons of coke per tm of pig iron, or tons of coal per 
gross ton mile of freight, or pounds of coal per kw.chr. Chart D shows the 
result. 


There appears something which, if noticed before has not been discussed 
in publications, and which may be at variance with general belief: Total 
Beteue per unit of national product has, with good persistence, fallen 
during a period of about 35 years. A trend line, fitted by least squares to 
the years 1924-40, 1947, indicates that the rate of fall has been slightly 
under l percent per year, compounded. In the war years the ratio B.t.u. 
per unit of national product fell sharply, but this was a period of 
restricted civilian use of energy and of unusual national product composition. 
Similarly, the fact that the 1947 ratio bounces back to the level of 1939 
does not necessarily discredit the relationship. The record of downdrift is 
a long but irregular one, and 1947 may have been unusual in that it was a 
postwar year in which, for example, coal exports were abnormally high and 
enEEPEeD cleaned coal entered the market . 


The tentative judgment that might be made from the chart is this: 
Although the level of energy requirement is primarily determined by national 
product level, it is subject to secular fall because of efficiency gains 
in energy utilization, Advances in combustion efficiency, use of insulation, 
use of higher temperatures, etc., occasion the downdrift. The tentative 
judgment is made, from knowledge that the most modern equipment is mich more 
efficient than the average in use, that the downdrift will continue. 


Be divi 1 Supplies t of National oduct, 


When the secarats welt icnsiies of bituminous coal en anthracite, crude 
oil, natural gas, and hydro power per unit of national product are considered 
a complex situation becomes apparent (chart E). The bituminous-coal series 
falls persistently, at a faster rate than total B.t.u. Anthracite also falls 
persistently, at a faster rate than bituminous coal. Crude oil, after 
rising in the early years, levels off at about the point reached in the early 
1930's, but the curve is quite erratic. Natural gas is level wntil 1920, 
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rises sharply until 1930, and rises gradually to the present. Water power, - 
which is converted from kw.chr. to B.t.u. at a falling B.t.u. yalue through 
time, fluctuates erratically but appears to be roughly horizontal, 


The clear indication is that some of the primary supplies are substi- 
tuting for others. In projecting individual supplies, it will be useful to 
consider how far energy supplies are substitutable. 


Their competitiveness is of two general types. One type is substitut- 
ability of finished energy commodities in use. Bituminous coal, anthracite, 
natural or manufactured gas, coke, fuel oil, or electricity can be, and all 
of them are to a substantial extent, used for. heat. All of the mineral 
fuels except gas are used for bunker fuel; and all these, plus electricity, . 
are used for locomotive drive. Substitutability in use characterizes 
perhaps two-thirds of the total supply of Pinal energy products. The only 
simificant areas of relative noncompetitiveness of finished energy commod- 
ities are electricity (about 14 percent of total energy supply), gasoline 
for motor transport and aircraft (about 10 percent), and coke and naturel gis for 
blast furnaces and carbon black, respectively (about ? PeEcent):s 


In addition, there is substitutability in source » and this makes the 
primary cnergy sources competitive to the extent of more than 90 percent 
of supply. Electricity, for example, can be produced from coal, oil 
products, gas, or hydro-developments. Gas can be produced from any fuel. And, 
since tke suceeseful develorment of synthetic oil processes in Germany and 
England and the recent improvements by the Bureau of Mines in the United 
States, large-scale gasoline and other liquid-fuel output can be derived 
from coal, oil shale, and natural gas as well as from retroleum. 


_. This might be summarized this ways: The economy's functional require- 
ments for energies could be satisfied with a variety of energy commodity 
combinations. These commodities could themselves be produced from a variety 
of domestic natural resources and imports. Therefore, as a practical matter, 
projections have to be made for all the energy supplies simultaneously, as 
each projection derends on the others. 


CRITICAL EXAMINATION 


The situation is not nearly as simple as a gradual and steady downdrift 
of energy per wit of national product, from gains in efficiency of combus- 
tion or other conversion. In fact, produced and imported B.t.u. por mit of 
gross national product (GNP) is not the same as coke per ton of pig iron or 
coal per ton-mile of freight hauled by coal locomotives. The B.t.u. 
aggregates, the total and the individual ones, and the national product 
aggregate are substantially unhomogeneous. 


For example, crude oil is not used as such, Its B.t.u. mean, in final 
use, such unlike things as gasoline for motor cars, fuel oil for house heat 
and steel furnaces, Diesel oil for locomotives, lubricating oil, chemical 
raw materials, and exports of various refined products. Are these additive? 
Can hydro-electric B.t.u. for aluminum reduction and coal B.t.u, for home 
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heating be subjected to simple addition? When 1 Diesel oil B.t.u. in loco- 
motives displaces -7 coal B.t.u., is it safe to project a gradual downdrift 
from a pre-Diesel period? An oil or a gas B.t.u. in an industrial furnace 
produces just about as much steam as a coal one, but in a home furmace the 
purchase of about 8 B.t.u. of oil or gas displaces about 10 B.t.u. of hand- 
fired coal. How significant is this in the relationship? To what extent 
have substitutions of Diesel oil, fuel oil, and natural gas for coal 
accounted for the downdrift, and how long could such substitutions continue? 
To fumish consumers with a B.teu. of net output, the oil industry consumes 
or loses about 15 times as much energy as the coal industry. This is also 
hidden in the over-all relationship. Exports of coal, oil, etc., are in 
the series. How have variations in these affected the ratio of B.t.u. 
produced and imported to national product? | 


Energy is a complex abstraction. Despite the attractiveness of B.t.u. 
conversion factors, B.t.u. are essentially measures of work and not of 
physical quantity, and the amount of work a fuel performs derends on the 
function to which it is put and the equipment in which it is used. A barrel 
of fuel oil, for example, which represents 6 million B.t.u. of potential 
useful work, would produce about 3-1/2 million B.t.u. of useful home heat, 
or under 1/2 million B.t.u. of locomotive work, or 1-1/2 million B.t.u. of 
electric power. | 


The only way to avoid such a dilemma is to estimate fuel need only 
after identifying the function and type of the equipment used. To do this, 
it would be necessary to build up to supplies projections Prom prior pro- 
jections of B.t.u. of work required in particular functions or uses. This 
would also make it possible to appraise and to take statistical account of 
the causal factors that bring about chenge. Finally, this process would 
resolw: the superficial paradox of finding, after a decision that individual 
energy supplies must be projected simultaneously in view of their interdepend- 
ence, that as supplies to consumers they are too unhomogeneous in thcir own 
characteristics and the uses to which they are applied to project as a single 
aggregate e 


The national product aggregate has its owm limitations as it is used 
here. The B.t.u. for any given size of national product depends on the 
"product mix" of the national product. If other things were equal, for 
example, an economy producing a million tons of primary aluminum and no 
copper would consume 15 or 20 billion kw.-hr. more than one producing a 
million tons of primary copper and no aluminum. (If generated by utilities 
from coal at 20 percent efficiency, 20 billion kw.-hr. consumed would mean 
about 15 million tons of coal burned at central stations.) Or, as another 
example, air-conditioning in a future economy might be the equivalent in 
national product terms of large and well-furnished public parks, but the 
electrical energy required could differ by 50 million kwe-hr. Or, again, 
the size of national product does not closely specify the relative volumes 
of railroad vs. aircraft travel, but these relative volumes do affect the 
level of cnergy need, 
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REVISED JUDGMENT 


_ Projection of the simple relationships in chart E implicitly assumes 
that a past unspecified but complex set of changing relationships will be 
exactly duplicated in the future, or that the pet effect of these in 
specific energies will be duplicated. For short period forecasts from a 
"normal" situation, this could be a valid assumption. For a projection to 
1965 from 1947, for which the immediate history includes e major depression, 
a war, and post-war abnormalities, it is a dubious SSeUmnpytOn 


We revise the former tentative judgment: The downdrift in total B.t.u. 
per unit of national product and the differing movements of the individual 
energies per unit of national product are composites of several influences: 


(a) Tectmical advance in utilization of each energy commodity in each 
of various industries and functions » 


(b) Substitutions among the finished energy commodities and among 
the Primary sources. 


(c) Changes in "product mix" of natinsat oe resulting from 
changes in final demand and from se ae in. saath pechnsaee Pangaea 
the economy. 


We observe that if we are to handle eines wariablea adequately, it will 
be necessary to deal , so far as is possible, with functionally homogeneous 
data in order to arrive at understanding of causality in the past relation- 
ships and in order to bring engineering and scientific information to bear 
on item (a) and to a lesser extent (b).and (c);, above. - 


CLASSES AND MEASUREMENTS OF ENERGY SUPPLIES AND USE 
At this point it will be useful to examine the published information 


and to see how this information can be treated to arrive at relatively more 
homogeneous classifications and measurements. 


A. Individual Supply Figures 
Energy production and import data for 1947 are shown in table 1. 


TABLE 1. - r uced and d 16 ie eu 
ndustry Produced | Imported : Tota 

Bituminous Coal cecccecccesccccetecesese 16, 532 8 16, U 
Anthracite cccccecccaceressceccceccceces aE 556 r oe | 1,556 
Crude oil PYETETETETITITITEL TTT TTT Tee 11, Lye 585 11,727 
Natural BASE ceovccsevecevevesseeveceseceoe |. 6, O74 2 6,074 

610 
Coke OVENS cecesece ee eeoedeeesesessoeees 2 589 3 2, 59e 


Manufactured-gas plants ercccvcecscereces 
Refineries wcoceccsccccceseresevccccsecors 
Electric utility power (at 17,065 B.t.u. 

per ea ws 6Wee'e' 000 06.0 006606000605 


07 | 
11,531 {| 371 | 11,902 
36h | 


Natural. gasoline and allied products ... ” 610 = 
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It is obvious that the totals reflect considerable double counting. 
For example, the B.t.u. value of the natural gasoline is represented in 
natural gas, natural gasoline, and refinery outputs. Similarly, most of 
the electric power is produced from fuels shown separately in the table. 
(In addition, there is a defect in that a significant “output”, industry- 
generated electricity and direct drive power, is not shown at all.) 


Be rima Suppl 


‘The simplest way to avoid double counting is to measure the energies 
at their very first appearance and to ignore energies later produced from 
these. Thus, a table of primary sources for 1947 can be constructed 
(table 2). | - 


TABLE 2, - Energy produced and imported, 1947, in 10 Bite Ucx 
by primary sources 


Ss hte tt NOUS Elven | Produced Imported | Total | Percent of total 


Bituminous coal ee 16, 532. 8 : 16, 540 | hh 
Anthracite scccccccncevaseccceces| 1,556 = 1,556 : 4 


| 
Crude oil see cesccesecocccccecece| 11,142 | 585 | 11,727 | 31 
Natural BAS coccccvecvccesavevvcee 6,074 os 6,074. | 16 
Natural gasoline evececesescccecs | nD | a = or 


| 
Coke ovens Cceoeeeerererercenesecen,; . np 3 : 5 
‘ 


| 
Manufactured-gas PlantS secsecece np = = = 
Refineries secssecescscccessecece np 371 371. | 1 
Electric power (At 17,065 B.t.u. | : ! | 
per kw.-hr.)s : ! | 
Hydro-generated eeeovererecover x. LT | 
Fuel-generated ceccccsvececvces np ee 1,439 | : 
TOtAL ssocovevesescvocecevee!. 96 | : 100 


np = not primary. te ag ae 


The sums of the colurms do show the supply available!/ without double 
counting. And the percentages indicate that the important sources in 1947 
were bituminous coal, crude oil, and natural gas, in decreasing order of 
importance. Unfortunately, this presentatia. does not characterize the 
specific forms of the energy commodities as consumed - these are not 
uniformly the energies that go to ultimate consumers. For example, blast- 
furnace consumption of coke, steel mill consumption of electricity, railroad 
consumption of Diesel oil, etc., cannot be matched up with this table; and, 
practically speaking, the only consumer of crude oil is refineries. 


ny, This is greater by about 1,700 x jol2 B.t.u. than the only published series 
on total energy, the Bureau of Mines “Annual Supply of Energy from Mineral 
Fuels and Water Power". The latter series excludes all imports except 
crude oil, whereas we have included these other imports; and the Bureau 
Series excludes losses and waste of natural gas output of about 1,200 x 
1012 B.t.u., whereas we have included this in the production figure. 
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C. Net Supply of Finished or Final Fnergy Products 


This defect is remedied es an accountant does when prevaring consolidated 
profit and loss statements. Transactions between energy-producing industries 
are traced, and all energy inputs into energy-procucing industries are 
eliminated. This process also eliminates losses and use by the individual 
enerzy industries. It yields a table for 1947 (table 3) that distinguishes 
between net supply of final products available for the non-enerzy-producing 
economy end use and loss in energy-producing industries. 


TABLE 3. - Energy distribution 


| ‘In percent of 
ko primary 
sunpl 


Use and loss in energy-producing incustrieS secece Dy 530 | 15 
{ 

Use and loss, in non-energy~producing economy, of: | | 
Bituminous COLL cocevccccevcvevecscseccsevsesovece 11,250 | 30 
Anthracite Pe oy 1,363 | 4 
Crude oil (exyorts only) SEE SRG SESS SOe 6 Sere8 | 273 | L 
Natural £as SO: €:8 0/618 S008 9) 60/0: 0 0'8\0 6:89 0:8 916 8 6:8 8e 8 * 2,762 fe 
Coke ovens, byproduct COCK COCO CHLOE C ESO LELEOLEDEOS, 2,056 | 5) 
Menufactured Fas plants, byproduct sEataescw aaa 371 | mit 
Refinerics, byproduct ae oes on 10,473 | 28 
Electric utilities (17,065 B.t.u. per kwe-hr.) . 3, 54 Z 9 
Industrial hydro (17,065 Bet ee cited kwevhr. ) me 83 é au 

Total seve cere cece reece rer ececeescecenseesen | 37, 710 - 100 


ee 


In this tablo, refinery products share first importance with coal, and 
electric power is the third most important enerzy. A further point may now 
be noted, The energy industries consume or lose a significant rart (15 
percent) of total prirary enercy. Put another way, 117 percent as many 
energy B.t.u. are mined or imvorted &- thenm-energy-producing economy 
receives, this without making allowance for fuel consumption by railroads 
and vessels in hauling the energy supplies. 


D. Classification According to Consuming Sector 


Once the foregoing is done, or simultaneous with the prereration of the 
foregoing, it is rossible to trace supplies of particular finished or Pinal 
enerey products to the individual sectors of the economy that consume them. 

is tracing process is exemplified by the form in table 4, 


The result is a complete array of particular energy commodities con- 
sumed by each of the industries named at the hedds df ‘the colums or, 


alternatively, a complete accounting of the distribution of the supplies 
named in the stub to various consumers. © 
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E. Classification According to Consuming Sector end Function 


The energy supplies consumed in each of the industries or other consum- 
ing sectors oen then be viewed & performing | number of specialized functions. 
For example, it may be useful to characterize energy input in eech industry 
as space heat, process heat, stationary electric power, stationery direct- 
drive power, and motive power.- This yields the form shown in table 5. 


TABIE 5. ~- Energy consumption, by consumer and function 


Consumer : ‘7 + Total energy consumed . Heat 


Ircn end steel auigeney 
Aluminum Vertes ease cee 
Households eccescoceveges 
Bituminous coal ceccacese 
Electric utilities . eeoeg., 


Other Geese baeeew aes | : ' ' : 


: He He _Betetrs Neasurenents of Energy 


The egsteie ions described under E, above, permit alternative B.t.u. 
measurements. One measurement is the theoretical ‘Btu. value of each energy 
input. This measurement yields figures that, as primary supplies are traced 
to the place of zane t one on oe < exactly the volume of primary 
supply. ; i 


From these data, eeaavar: it is pease to move to another B.t.u. 
measuremcnt of consumption in each: sector in each function, which might be 
termed "useful work" or "work." This takes into account “the wide variations 
existing emong efficiency ratios (Betws of ‘useful work + B.t.u. of fuel 
used) ; for example, the ratio for automobile engines is about 18 percont; 
for home coal furnaces about 50 percent; for commercial building heat about 
7O percent; and other examples were given earlier. It therefore changes the 
relative megnitudes. of energy consumed in each sector and function. 


This measurement also rresents the discrepancy betwecn total energy supply 
used and total useful work performed. Relative to the 33 x 1015 B.t.u. energy 
supply in 1947, for. example, work produced ‘from this supply is estimated at 
about 15 x tot 15 if power is credited with 3, 413 B.oteu. per kw. -hr., and less 
than 20 x 1015 B.t.u. if power te credited with 17,065 B.t.u. per kw e-hr 
These represent over-all ePeacsemey ratios of about 40 and 52 percent, 
respectively. . | 


ANATOMY OF dois USE, 1939 AND 1947 


As just indicated, the anatomy of energy use has numerous dimensions - 
type of energy commodity, primary source, sector of consumption, measurement 
as supply or work, function to which applied, and others. Two edditional 
examDles are presented, both because they characterize important dimensions 
in themselves and becouse they help to make concrete some of the immediately 
preceding discussion. 
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Table 6 summarizes 1939 and 1947 energy use and loss, by consuming 
sectors, as percentages of total consumption: 


TABLE 6. - Energy use and loss, by consumption sectors, 


as reent total consumptio 


Consumption sector 


See SEES industries: | 
Bituminous coal ee eee eee res 
ANTHVACITS cocccsesccccecsecesevccccecesesesecececes, 

Crude oil sieiee eee Sateen bie aaa eiateea Gods ease cae 

Natural gas, natural gasoline, and allied cecesecee 

Coke ovens Cooder eres eercrereesereresocoreceserbees | 

Manufactured-gas utilities pee ee estore er ee 

Petroleum refinerieS ceccecccccccsceccsvccsccceseses.s. 

Electric utilities ceccecccecccesecescscecesesesesses 


Total eee c ere cecerecec sec cccncesesereseeesesceae| 4 | 14 


Manufacturing (1939 census groups): 
Iron and steel TREC CRO TERR OT CTT Oe OCC TT CTE CeCe 


Chemicals Coo rere ece rer erecesecesesereresesecserece | 


eee ae = 
e 


WU 
e 


OW Fn OOoNnN — 


no Wo 
e @ e 
emir VNU OO A) OW 
Jot el 
e e 


i 
e@ 
ag 


e 
Hee he "OO 
@ eo e 
WANIO FRME 


Textiles Corde ccenavacneevesesecesecscesesececeoecs| 
Stone, clay, and glass CHEECH SEF OOCHECOLES ESO CE SE LOSE 
Food and kindred cecccccccccccccecccecesecesecesecs 
Paper ANd Allied svccccccccstccseccsecesecsesesecess 
Nonferrous METALS cececccocesccasececesececeresecee 
Other manufacturing, excluding refineries and coke 


ovens CHOSSH SCH COEHOSEOHHSHOHS OSCE EHEC HO SCHOSHO HEHEHE CH CELE CE 


e@ 
e 


HEM PWw-y 
e 
CO OWUW AU 


Total e®@eeeeseeveooeaena Beane eenenegeoesnenvneseenesenesnenee 8 ees e@ 


Railroads . CHES CHEHCCHOHHO COS HEHEHE HSCHCHOCESCEHESHOOO ECE SEOSE®S 

DUNKOR 25515005156 0 as. 5ish 8.066605 Oba eae ew eleedree) 

Household, commercial, and other domestic fuel and 
powers | 


Heat 00:6 5:0 006 08 6 606 666.0 6066566 6:00 C 6004 604066 ase ee | o 


Power eeeoeeesoeosesseoeoeeneeeeoe eee see eeseeeeesceaeesnvneseoevegs 6 


Motion Corer e rere serecerncesecesenesrecoseseresecees | 1 ) | Ld t 
Total were c cece cece er ccccacccececcseseeneeseeees | 41.6 CT 
: 0 


Domestic chemical material, lubes, etc. cr orecececoce | 2.0 | 
Exports TCC CTE eC LTC CT URE CeO Ree rer re a: 6.2 | 8.0 
Total Chere e cece ccceccvecesecccoccescesesesooes ; L000 ee 
Total in 1015 BeUallen eid bb ig bee oe wen eeoreceseon ! 2h 0 


Notes: (1) ‘Totals will not add, owing to rounding. 

(2) Power is included in terms of B.t.u. of fuel required 
in its production; hydro power is measured in terms 
of mineral fuels equivalent in each year. 

(3) The discrevancy between 37.7 x 1019 B.t.u. energy 
supply in tables 2 and 3 and 37.6 x 1015 B.t.u. con- 
sumption in this table is primarily stock change. 
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It is apparent from the table that: (1) some sectors are larger con- 
sumers than others; (2) . the sectors do not grow at identical rates; (3) 
efficiency changes in the several sectors are not likely to be uniform; and, 
therefore, (4) the future increases required in total energy supplies depend 
on individual degrees of energy intensiveness, individual rates of growth, 
and individual efficiency changes. 


Table 7 is another approach - it presents 1939 and 1947 energy consump- 
tion by function, as percent of total supply and as percent of total work 
performed in the domestic economy. It may be observed from this table that 
what was said of sectors, growth rates, and efficiency changes in the pre- 
ceding paragraph applies. to functional breakdowns as well. 


THEI Te ” Enerer use and joss, by function, as percent of total consumption 
and and _ work, 1939 and 194-7 


: , Fercent of Percent 


etal consumption , of total work 
193 1947 | 193: 194 
Space and process HEAt ceseccceccceccrocecn | 3 pen 8 | 85 
Motion DOWEL ceoccveccveseosrceosesssseesecers | 25 | 23 ! 7 
Electric power and stationary direct drive. 14 | 8 


Domestic chemical material, lubes, ctce ee. 
Exports @eeeeesveoseeeepesegesgeseneeesn gee e888 ede 


Total CHOCO CHOTOLOSHPCHOSCSOHOHSOHLASESH CH LELE 


Total dn 102) Bites ~eseecewewecseeecs « “CKO 3726 


~ 

© 
OLTonr 
= 

O 

OO} Cw 
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2 
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~ 
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Detailed tables from which the foregoing summarics were prepared. appear 
in the appentiix. As will become apparent from the discussion immediately 
below, the projections are based on the more detailed data, which are 
classified one by sectors of consumption and functiton.e 


DESCRIPTION OF APPROACH AND METHOD 


The foregoing discussion has made possible a short description of the 
conceptual apparatus used herein. This apparatus is a lengthy elaboration 
of the time-changing relationship "B.t.u. per unit of national product.” 
It attempts to break this over-all relationship into narrow homogeneous 
fragments that have economic and engineering meaning. This aim is to relate 
quantities of Gnorey consumed in each use to Rae size of the energy-consumer's 
activity. 


A. Anatomy of Use 1939 and 1947 


1. Primary encrgy supplies were traced through the energy-processing 
industries and furnished final or finished energy supplies 
figures. The discrenancies between total primary supply and 
finished supplies were charged to the energy-producing industry 
in which the loss or consumption occurred. Natural gas blown to 
air in the natural-gas and eee. eee Oe industries, for 
example, has been charged to them. 


32 1) 
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De 


6. 


Finished supplies were traced to the sectors (e.g., steel 
plants, households, etc.) purchasing or consuming them. 


The quantities of these supplies that were applied in each 
consuming sector to each function ‘(e.g., heat, power, etc.) 
were estimated. 


Then, having regard to the particular energy commodities, 
the particular consuming sector, and the particular function, 
the data were translated into useful work, classified by 
sector and function. 


The work requirement for that sector and function was con- | 
ceived as depending on (a) the volume of output (or other 
activity) in the consuming sector and (b) the B.t.ue of work 
used in that function per unit of output (or other activity) . 
Thus, the requirement for the textile industry and the power 
function is written: 


kwechr. required (used) = textile output x kw.chr. required (used) 
per unit of textile output 


And, if the power was self generated from fuel, 


mineral fuel required (purchased) ws ar ene ected (used) x 3,413 


generation efficiency 


Or, as another example, for the paper and allied Piocucrs 
industry and the eae function is written: 


B.t.u. heat work eeaieca (used) = paper output x heat 
required (used) per unit of 
paper output 


And, mineral fuel required (purchased) = Beteu. work required 
. efficiency 


The foregoing was done for each energy use by each and every 


consuming sector,- including the energy~producing industries, 


At this point every energy use is expressed es a function of 
(a) output (or other activity) of the consuming sector, 

(bo) intensity of work per unit of output (or other activity) ‘ 
and (c) efficiency of ccnverting purchased Sneney commodities 
into work. 


Be. Projecting Work Requirements 


Future work requirements will differ from present ones only to the extent 
that one or more of the three variables just enumerated change. Passing the 
matter of conversion efficiency for the moment, the next steps, then, were to 
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estimate changes in each of the other variables, i.e.: (a) to project a 
balanced structure of output (and other activity) for the United States economy 
in 1565; (b) to estimate the extent of change in work required per unit of 
output (or other activity) for each function in each sector; and (c) to arrive 
at estimates of 1965 work requirements by function in each energy-using sector 
by multiplying the 1965 outruts (or other activities) and 1965 outputs (or 
other activities) and 1965 work requirements per unit of each output. 


This can be done in index-number form as followss: Let R = work required 


in a sector and function, 0 = outrut of the consuming sector, and A = work 
required per unit of output. Then 


Ru7 ts O17 e ALT 


and Res P= °€5 ‘ 465 
Multiplying right-hand member of latter equation by BT 
gives, Res = Ry7 0€5 Aés 
7 Abe 


This states that requirement in 1965 is equal to the 1947 requirement 
multiplied by indexes (1947 = 100) of 1965 output and work per unit of output. 


It should be noted that the outruts of the energy-producing industries 
are viewed as functions of the requirements for their outruts by the remainder 
of the economy. All the terms for the 1965 equations for the energy-producing 
industries are not available until the energy forms that the remainder of the 
economy chooses to satisfy its work requirements are specified. Immediately 
upon specification of these forms, and use efficiencies in 1965 relative to 
use efficiencies in 1947, work may be translated into energy Purchased, and 
energy rurchased into energy produced. 


C. Projecting Finished Energy Commodity Supplies and Primary Sources 


This gives 1965 requirements, and the particular supplies that will be 
produced to satisfy these needs may be projected. The following conceptual 
relationship between the projected functional requirements and specific fuel 
supplies is then appropriates (a) Energy commodities will be efficiently 
produced from the least expensive sources, including imports; (b) they will 
be marketed at prices that just cover costs of production, including capital 
charges and risk charges, where these are applicable; (c) the volumes and 
specific forms of supplies will be determined by the purchase offers of an 
unregulated consumption economy. In short, the assumption is that production 
(carried on under minumum-cost conditions) and supply (offered at competitive 
prices) will be dictated by individual consumer preferences expressed through 
unregulated purchases. It is believed that these efficiency, price, and 
consumer-freedom assumptions are, in view of national anti-monopoly and other 
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policies, the most reasonable approximations that can be made of the long-run 
market reality. 


Estimates formed on these assumptions should be based on appropriate 
studies of future costs and of other factors affecting consumer preference. 
In certain cases, such as coke for blast furnaces, natural gas for carbon 
black, and gasoline for automobiles, the relatively specialized nature of 
the function or application dictates particular energy products. In other 
cases, such as locomotive fuel, one fuel (Diesel oil) has a strong present 
and prospective advantage over alternatives. But for the major part of total 
energy consumption, for which alternative commodities could be used, there is 
insufficient confidence in speculations on cost trends, etce, in their present 
state to offer calculaticns based on them as single estimates. Instead, 
except for such cases as those illustrated above, a number of alternative 
energy “supply baskets" are offered. 


The specific assumptions on which the alternative supply patterns are 
based are detailed in the Appendix. These altermatives are labeled cases 
A, B, C, and D. Case A assumes an economy that, for price, convenience, 
and other considerations relevant in a free consumer-choice economy, continues 
present tendencies away from solid fuels in the production of heat and 
electric power. With resrect to the. displacement of solid fuel and the net 
growth in requirements, this economy is assumed to tend primarily to natural 
gas and secondarily to fuel ofl. Case B is identical with case A, except 
that the primary tendency is to fuel oil and the secondary one to natural 
gas. In case C it is assumed that coal maintains its 1947 position vis-a-vis 
other fuels in the production of heat and electric power in the individual 
consumption sectors. Case D is a variant of case C; it differs only in the 
assumption that there will be synthetic-oil production of 65 to 70 million 
barrels per year from each of shale and coal, instead of an equivalent volume 
of crude-oil imports. 


The results, after projecting energy supplies, are detailed pictures of 
the United States economy in which energy supplies and uses (including exports 
and imports) are specifically itemized. The assumptions allege that one of 
the patterns of energy supply suggested, or another derived from the require- 
ments estimates, would provide (at minimum cost, including social costs and 
having regard to relative use-convenience of specific fuels) the energy 
required in a free-consumption economy for the indicated national product of 
that period. The implied task of policy, private and government, is, as 
always, to devise means for efficiently and economically providing the 
volumes and proportions of energy that consumer chnice dictates. 


FUNCTIONAL REQUIREMENTS 1965 


The following conclusions on requirements are consistent with and, to 
a Significant degree, ultimately derive from a projected increase in nations tl 
output of all goods and services of about 65 percent between 1947 and 1965. 
The historical course of national product is shown in chart F; national 
product in 1965 is estimated at about $390 billions at 1947 prices. 
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A. Heat 


The first conclusion concems the total rate of growth in energy 
supplies required for heat, the chief use, which results when the supplies 
required for each of the specific uses is seperately estimated for 1965. 
This growth is estimated at about 40 percent, as compared with the national 
product growth of 65 rercent. . 


Table 8 presents 1965 projections, by major consuming sectors, for the | 
ee alternative cases mentioned on Page 18 above, and compares these with | 
LH+T 


The effect of different patterns of supvly from the energy industries 
is, of course, reflected in differences in heat use and loss in the individual 
energy-producing industries. The consumption of fuel for heat in manufactur- 
ing and railrond nonmotive use is constant for. the alternative patterns be- _ 
cause of the assumption that efficiencies of the various mineral fuels in these 
applications do not vary. Efficiency variations account for the alternatives 
in the commercial, household, ‘and other sector. 


Important a@ifferences in rate of growth may be noted among sectors of | | 
consumption. Except for the very large estimated growth in chemicels-industry 
output and this sector's fuel consumption, for example, estimated growth of 
fuel consumption for heat in manufacturing would have beet only 48 percent 
instead of 58 percent. The fact of lesser relative growth in heat consumption 
and loss in the energy industries stems in good part from a decrease in the 
relative volume of vented natural gas. It will be noted that the rate of 
increase in aoa fuel coe Gs is ean than in home qr comercial 
application. 2 Saas i , 


It is believed that the see to rate ‘of growth projected is too high 
owing to inability to separate the whole of the “household” component from . 
the “commercial, household, and other" sector. The "household - unidentified, 
comercial, ‘and. other" sector has been ee as if it did not include 
household at all; this sigmificantly overstates the fuel requirement, as 
household demand for fuel grows less rapidly than commercial demand. The 
1950 Census permit improving. this pone of the Projection. : 


The prime element that’ accounts for less rapid increase “iri nineral-fuels 
consumption for heat than. in national output is technological advance in 
energy utilization efficiency. This influence toward decrease in fuel 
supply for heat per unit of.output is’ ‘subject ‘to offset by those changes in 
production techniques, product innovations, “and change in the composition of 
the national output that might work to ac ence fuel for heat per unit of 
national output. The rapid gorwth in chemicals-industry output. cited, 1s 
one example of such offset influence. According to these estimates, ante on 
Which appear in the Appendix, these influences will fall short of Pally 
offsetting even the moderate gains in efficiency in heat production - 
averaging in the neighborhood of 10 percent of Present efficiencies - which 
are projected between 17 and 19656 7 | 
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The second conclusion is the startling one (at first sight, at least) 
that total fuels required for motive rower, the next largest application, 
will be approximately the same in 1965 as in 1947. This net resultant is 
compounded of diverse individual elenents, as in the case of heat. Table 9 
presents the 1965 projections and the percent tage chanres Prom 1947. 
Dieselization of railroads and moderate efficiency gains in use of motor. 
fuel offset entirely the increases in work requirements of railroads, ships, 
highway vehicles, etc. 


The locomotive fuel alternatives result from the fact that the rela- 
tively larger volume of the Nation's coal production in-cases C and D, as 
compared with cases A and B, change the projection of 1955 rail tonnage 
moved. The increase in 1965 locomotive work over 1947 locomotive work is — 
4 percent in cases A and B and 52 percent in cases C and D, 


C. Power 


The third conclusion is that the next largest use, electric and 
stationary direct drive power, will increase by about €0 percent in terms 
of fuel required for its generation 5 between 1947 and 1965. In terms of 
kw.chr. this represents an increase of about 140 percent. This category 
or consumption is thus expectcd to increase significantly more, percentage- 
wise, than fuel consumption for heat or motion. 


Table 10 presents the estimated 1965 consumption of power, by consuming 
sectors, in terms of fuels required to generate the power. It also indicates 
the percentage increase over 1947,' expressed in terms of fuel required for 
gcneration and in terms of kw.-hr. The four cases are shown pomaEste dy. in 
the Appendix; here are shown only ranges. 


A major point to be noted is that ‘advence an contral-stetion efficiency, 
estinated to average 30 percent in 1965 as compared with 20 percent in 1947, 
converts a sharp increase in réquirements for power ave a moderate onereake 
in requirements for primary energy resources. 

Another major point is the reflection in the table that the growth in 
power demand is highly uneven as among the various sectors of ‘consumption. 

If these estimates are valid, the household, commercial, and electrcprocess. 
sectors are of prime si¢nificance in accomting: for the or in total power 
derand. 


a 


5/ If hydro is eceuyed in terms of B.t.u. of mineral fuels at the average 


thermal central ees efficiency at each date. 
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TABLE 10. - Fuels for er - cons 


Energy-producing industries: 
Be Cumin us’ “CORD. 6 5 66:66; 0 w.oecens bis6 eaters. ie ow eae 
ANCEYACT CC * io s0see ow wise Si wae Sew 6a 6 O06 0 ww oe ee 
Crude oil 
Natural. gas and @Ll1Ed sis csveviwsud cee ees 
COKG OVGUB 6.54 ss-cina 00a ewes w 0066 C4 ae eee 
Manufactured-gas utilities ...ccccccceveces 
Petroleum rerineries ..sicsicie wean se see cee 
Ele@ctrice Utilities occ sae. dea 6 eNO Wee ea eecee 


Total e@eenueeceveceevpseeecveeeeeoeoeeoeveeaee eee eosed 


Manufacturing (1939 census groups), excluding 
refineries and coke ovens: 
Electroprocess (S.I.C, and 1947 census 
four-digit classes): 
Abrasive products-3291 ..cccccccccces 
Electrometallurgical products-3313 .. 
Primary nonferrous metals, nec-3339 . 
Alkalies and chlorine-2812 .......... 
Inorganic chemicals, nec-2819 .....0. 
Total (part of 1939 census 

Chemicals @roup cesecececcccccecce 


Electrosteel-part of 3312 wccccccccce 
Electric heat treating-no number .... 
Total (treated as part of 1939 I 

and S group) s<ass00s oewseecee wes 


Primary aluminum-3334 ....ccccccccces 
Primary 21NC~3333 ccsccccsccnscccecce 
Primary copper-3331 weconcccccesveces 
Aluminum rolling and drawing-3352 ... 
Copper rolling and drawing-3351 ..... 
Total (part of 1939 nonferrous 
BEOUD): ces enschwie 66 e448 woe RO ORS 
Carbon and graphite products-3612 ... 
Total, electroprocess ...secsevecess 


Other manufacturing (1939 census groups): 


Iron and steel Group ceccccecccccccsecs 
ChemicalsS Group crccccecccccccrsccsaces 
Textiles group 
Stone, clay, and glass @roup ...ccscece 
Food and kindred group ..cccorccccseces 
PAPEL BTOUP. cevecccceceseecastsecsresve 
NonferrouS BFOUP accor ccccsevccccscccce 
Other manufacturing @roupS .ccccccccons 
Total, Other manufacturing ..ccscsoc 
Total, Manufacturing, excluding 
refineries and coke OVeENB ,...cccce 


Railroads: 
TOCOMO TA VOB. asa eee eh ie Sle Waa eee ine SOS 
NOAMOTA VO: sc cbsicees 04S 4S eV a CE Ee Oe Rew eA 

Total 


Household, commercial, and other: 

BOUSCHOLC” 1. .e ssc eee Ses oe sWiee ie ee.w ae ee eee 
Street and interurban railway ...cccccccece 

Public authorities; street and highway 
Lighting weccrcccessesccvvecnsscesesesens 
Commercial 
OC OL ep awe W ha) daea oa os ae OO Caw eee sews 
Total sveesvs 
Total electric and stationary direct- 
drive DOWOEY sesccovesscsssesesecevess 


Notes: 1, 


ion and loss, by consumers 


194 


1,211 


Totals will not add owing to rounding. 


1947 and 1 


Percentage increase 
in B.t.u. fuel 
over 1947 


a 


99-145 
28-46 


101 
113-212 


82-84 
3 aS ee 


ST en ee 


60-61 


iol B.t.u. 


Percentage increase 
in kw.-hr. 
over 194 


53-12h 
20-93 
130 
32-147 
37 
-27--10 
60-118 
174-176 
129-1 


65 
128 


215 
33 


148 
162 

60 
170 


140-142 


2. Power is measured as 17,065 B.t.u. per kw.-hr. in 1947 and 11,377 B.t.u. per kw.-hr. in 1965. 
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The conditional character of our projections is illustrated by the 
figures for power consumption in the electroprocess industries and in 
household use. The electroprocess consumption and, to a less extent, 
the household consumption depend on the availability of a rapidly expanding, 
relatively low-cost power supply. The 1965 household figure, for example, 
averages between 3,000 and 4,000 kw.-hr. per residential customer, a level 
of consumption that in 197 was exceeded in parts of the Bonneville Power 
Administration, TVA, and Niagara Falls areas, but which was equaled nowhere 
else. 


- Chemical Materials, Lube te qd Bz 3 


Table 11 presents projections of 1965 domestic consumption of coke-oven 
tar and oil and of petroleum refinery products not consumed in the production 
of heat, motion, or stationary power. They are stated, for convenience, in 
terms of B.t.u. so that they may be merged with the other energy-consumption 
data and because they had to be so measured to trace them back to primary 
sources, but their B.t.u. content is largely irrelevant to their use: 


TABIE 11. - Domestic consumption of chemical matcrials, lubes, etc., 
1947 and 1965 in 10/2 pytwu, 


| | Percentege increase, 


between 
kT 196 1947 and _ 196 
Coke-oven tar and oil Covececesocgves | 70 115 65 
Manufactured gas utility tar and | | 
oil ab Muah wee ioe neon sweseweaweeun:| 34 28-33 =1/-0 


asphalt, road oil, MLiSCe secceccoee | 


Refinery products ~ lubes, wax, | 
{ 


The projections were necded to round out total energy demand and supply. 

They are not based on careful. study and the most thet can be said for them is 
that they are reasonable in relation to 1947 consumption and in relation to 
the major product outputs in 1965 of their producing industries. 


The export data in table 12 reflect the estimated shift in the ability 
of domestic companies to compete in foreign markets in 1965 as compared with 
1947. In part, this shift is merely a departure from the abnormal foreign 
demand for U. S. coal and oil which prevailed in postwar 1947, and in part 
it is due to the projected development orf foreign energy resources. 


The projections for 1965 are preliminary estimates of the actual 1949 
exports, with the exception that no exports of crude ofl and natural gas are 
projected. 
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TABIE 12. - Energy exports, 1947 and 1965, in rol Btu, 


| Percentage change 
between 


Bituminous coal eeoevcecesecerooce ‘ -60 
Anthracite CCHOCHL ECE SOLE CEL EOE ECS 232 134 | ~ho 
Crude oil @cocrccevecesecacsesercoce! 278 O | as 
Natural gas Gioia be eaweeeeeneeeere 18 O; = 
COLO cccccscvcccccvevcsesesescces| 22 Lh j -34 
Refinery products: | 
fOUON LUCL wieneseroeeewsewewes 250 208 | =1 7 
KOTOSENG: 60060ssewessesteee wee! Tf 14 | #35 
Diesel and other gas oil soeeeel LTT t2 “59 
Residual fuel oil eoercercocesere; . 67 80 +19 
Coke covers ccececevesececesons, 13 15 +18 
Miscellaneous Neeeeweee oe eee Ge 1 | ore 
Lubricants | eeerccecccccccececen: 86 19 ca 


The fifth observation results from adding the.fuel requirerents for 
heat, motion, power, chemical materials, and exports.- The total B.t.u. of 
energy supply required to satisfy all 1965 demands .is estimated at slightly 
less than 30 percent more than the 1947 supply. (If -1965 hydro were 
weighted at the average mineral fuel value per kw.e-hr. prevailing in central 
stations in 1947, rather than that expected to prevail in 1965, the growth 
would be slightly more than 30 percent.) The slow rates of increase in 
demand for fuels for motion and heat and the decline. in exports sigmificantly 
offset the more rapid rate of increase in demand for. fuel: eae etecenne and 
stationary earner drive’ power. — . 

The Seetusien increase in total energy supply Sealed: is aay about 
half the increase in national produce. Or, put another way, if the B.t.u. 
supply per unit of national product in 1947 is conceived to be 100, then the 
comparable figure estimated for 1965 is only about 78. 


Note that the preliminary examination, presented carlier,. pueceueed the 
possibility of a fall in the ratio of B.t.u. to GNP.,. The. rate. of- fall in 
the ratio just calculated from the detailed structure of analysis is somewhat 
faster than a simple trend extrapolation from the 1947. level. That the fall 
in the ratio.will continue is significant, but it is.more. important: that 
this method of analysis indicates why. It is, perhaps, significant, too, 
‘that on the basis of this understanding, under certain circumstances -in - 
which interest is focused on ‘total energy supply from natural resources, cne 
of the end results of detailed ‘analytic projection can be Gepro mated by 
trend extrapolation of tho B.t.u./GNP ratio. 
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Table 13 summarizes consumption of 1947 and 1965 energy supply for all 
functions, by cnsuning sectors. To simplify the presentation, only the case A 
projection is shown. The other cases are much the sare in the non-energy - 
producing sectors. 


The differences in growth of energy consumption may be noted. Manufac- 
turing consumption grows faster than consumption (including exports) in the 
economy as a whole. Chemicals and nonferrous metals are estimated to be the 
most rapidly growing manufacturing sectors in terms of energy consumption. 
Power is the most rapidly growing household, etc., sector. The projected 
declines in railroad consumption and exports are large and are significant 
in holding down aggregate increase in fuel requirements. 


TABLE 13. - Total energy consumed, by consumer, 1947 and 1965 


| Percentage 

increase 

.Percent. between 

' of | 1947 and 
1 196 


Energy~ producing : 
INGUSTTICS: sspeecaccecwa: | 5,531 
Manufacturing (1939 census | | 
groups) ¢ 
Iron and steel ecoeererseos 
Chemicals Cceeevcvvervooeos 
Textile @cereracccocccos 
Stone, clay, glasS eevee 
Food and kindred ecorocec 
Paper and allied ceccecc 
Nonferrous metalS eeccce 
Other manufacturing cece 
TOUGL.. 664:66:66:6 6 se'ees 
Railroads Secevoesesceseeeree 
BUNKOY ose see's 066400060460 
Household, commercial, and 
other domestic fuel and 
power $ 
HEAT 463466 60s 0s sO eews 
POWG? <6: 6 6:4064:6'00 666.066 %% 
Motion Ceoeorceeecevgevecse 
: Total eeeege0g00280260080086086 
Domestic chemical 
materials, lubes, etc. . 
Exports @eeeveevvo0v00e8e8?@9ee88 86 
CO 6.50 p W050 eetae ee 
Notess 1. Totals will not add owing to rounding. 
2. Power is included in terms of B.t.u. of fuel required in its 
production; hydro power is measured in terms of mineral fuels 
equivalent. 
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The “percent of total” columns also disclose the differential growth 
rates. They show manufacturing and household, commercial, and other 
increasing at the expense of exports and railroad consumption. 


F. Influences 


The decline in total B.t.u. per mit of national product between 1947 
and 1965 stems in part from normal increases in efficiency of fuel utiliza- 
tion. These are the consequences of technical advances in combustim, use 
of more efficient temperatures and pressures, extensions of insulation 
practices, and substitution of modern types of fuel-economical equipment 
and processes for existing ones. The chief case of substitution is Diesel 
locomotives. 


In the projections, no engineering pvractice not already perfected was 
considered. Some account was taken of the fact that a sustained increase in 
national product in a full employment economy facilitates the introduction 
of modern, efficient equipment. Insufficient account was taken, it is be- 
lieved, of the fact that 1947, the year from which the projections were made, 
was a time when all capacity, no matter how inefficient and. vow ae ors was 
pressed into use to produce for a seller's market 


The decline in total B.t.u. per unit of national product derives very 
substantially, also, from the fact that significant sectors of energy demand 
depend on growth influences, such as population and foreign markets, which 
are not subject to the rapid increases of national product. 


There are, as was noted, factors offsetting these tendencies to fall 
in the ratio of B.t.u. to GNP. Chief among these are the very rapid rate 
of growth in demand for electric power, and some shift in the composition of 
GNP in the direction of energy-intensive commodities, such as products of the 
chemicals industries. 


SUPPLIES PROJECTIONS, 1965 


Table 14 presents 1947 and projected 1965 energy outputs at all stages of 
supply, classified by producing industries. These data are not additive, as 
some of the outputs are derived from sources shown separately. Electric 
utility power and hydroelectric power show large relative increases in all 
four cases. In cases A and B, natural gas commodities and petroleum products 
experience large relative increases, while coal supply and manufactured gas 
output decline. In cases C and D output of bituminous coal increases sub- 
Stantially, and outputs of oil and natural gas increase by lesser percentages. 


Table 15 presents similar information, but the energy industries! own 
use and losses are excluded in this table,. The data show, therefore, the 
amount of each energy form consumed by the non-energy-producing economy. As 
double counting from converting, say, coal to coke to gas, etc., is eliminated, 
the remainders are additive and show energy consumed by the non-energy- 
producing economy classified according .te final form or source. 
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TABLE 14. - Energy production, by industries, 1947 and 1965, in 1912 Bet.u.e 


1965 
3947 Case A Case B: Case C Case D 
Bituminous coal, GomeStic ceececesecece a y Oe 2; Te 0 aoe Ce (OQ “19, 658 20 i 
Imports Coeorersorrccoressoerereoreore | 8 QO. om 0 | 
TAL: Sascossessewasoseesienaeeweme 10,540 1 19, (20. 13, 700,120,650". 20 a 
Anthracite see c acer ececerecccecsonnes | 1,556 | 1,000 - 1,000 i see 1, 606 
Shale ore production ‘tae Aeea aa eeeees 0 QO! O 
Crude oil, ComeStic esvececcscvcreccceee ‘ll, 1 ; | 15,000 : 15,000 | GRCTiy 15,000 
Imports Saga ememumuelagenstaeveetee 85 | e373, 54361 , G11 | @) 
Total ccc ccc ccancccccecccececccece il, 727 ! BE GPa AO aa 20 ,301 | 15,911 15,000 
Natural ges, before scrubbing sesecese: 6, yO7k | 13,028, 9, 716 | 7,009 7,007 


Natural gasoline and allied products J "610 pen 500) ae (02 =, 702 


Coke oven products; . : 
Domestic sean sccomeusneuesiovaaeae 2,509 ' 3,459, 3, 59 3,482: 3, we 
Imports wee ce seca vce scccesccecssoes, 3 Oj Q i 

Total sede cesececesesccccecescces | 2,592 | 3,459 ! 3; Tor 3,482, 3, Vs 

Manufactured gas utility products ....; 507 _. 216 278, he3 | "463 

Petroleum refineries; ! 
Domestic sien MeeNeue sakes oasesua@re 11, 531 16 21h 19,050 | a, at 13, 957 


Imports ee eee errs 1 O 
NOUAL. ovwseny sede seslveeoesece see 11,902 gts a "5,050 wi me 13,957 


Synthetfc oil from shale and coal eee. ' 0 
Electric utility power: ! oo 
Domestic ceccccecesececscccsceccsese, 4,34 8,08 


~ 8,068; 8 
Imports CHCHCE CCE SOO SOLO OOF ASC OLE SEOCE 2c QO} 0 om e) 
| 4,386 8,087} 8,068+* 8,026, 8,022 

i 3 3 

L 


Total COoeC CC COCO COC OCHOLOS ESTELLE O®S : 


Hydroelectric power, total eesscseseee- 1,419 | 3.413 | 
Industry-generated electric and : 


Notes: Power is included at 17,065 Bete. per kw.-hr. in 1947 and 11 Cai Bet Ue 
rer kw.-hr. in 19656 


TABIE 15. - Consumption by the non-energy-producing economy of 
energv products, in 1914 Bebells 


Bituminous coal ceccecccccscvesecccees LO, | 6 5403 | 6,403 | 11,268 = 268 
Anthracite CoCo CO RO Ce SOLE HOLE CELESTE LOS 1,363 : 981 | “982 | 1,576 1,575 
Petroleum refinerieS sccccccceseseceee 10,304 | ce 17,358 '! 13,705: 12 , 906 
Synthetic-oil plants eoeeceeesecereseos 0 ! 0 | om 199 
Natural CAs acccesecseaeseeeeeseeeses 2 300)- ~ jt 5,257} 3,924! 3,904 
Manufactured-gas utilities scecesssess, 372 ' 300 300; 370} — 370 
Electric utilities .escssceseccseseeee (3,544 — 6,551; 6,551 ie spoke 65901 
Non-energy-industry self generated | | | 

power COO oe rE de rereserereeeeerseserne | O71 762 | 762 | 762 | 762 

( 


COKE OVENS cccevs veces 0 eee ec6 0060 ees | 2,056 | 2 636 2 ae 
Crude oil (exports) { Mekeewseenteee ee. 278 
Ota er cococsccccreccescersreces 305 100 © zis Tp sp 92__ 40,992 
Notes Power is included at 17,065 B.t.u. per kw.-hr. in 1947 and 11,377 B.t.u. 
per kwechr. in 1965 
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The following points may be noted. First, total energy consumption of 
the non-energy~producing sectors increases by 25 to 27 percent, a rate 
slightly lower then the increase in consumption of the economy as a whole. 
Second, the importance of increased electric utility output to maintaining 
coal consumption is illustrated in cases A and B by the sharper fall end in 
cases C and D by the slighter rise in coal consumed by the non-energy- 
producing economy, as compared with coal consumed in the economy as a whole 
(see table 14). Third, the percentage increase in natural gas consumption 
vy the non-energy- producing economy is greater than the percentage increase 
by the econemy as a whole because of the expected decrease in the proportion 
of gas vented, a loss which in our data is classified as consumption by the 
natural-gas industry ° | 


Tables 16, 17, and 18 present 1939, 1947, and projected 1965 energy 
supplies by natural-resource origin. 


TABLE 16. - Enerey production, by primary sources, 1939, 1947, and 1965, 


in lol Bet elle 
! 1965 
Primary energy source ' 1939 : 1 . Case A: Case B ' Case C/ Case D 


Bituminous coal ececosscscoeee | 10,298 ; 7 ,532 ' 13,720 


13,709 ; 19,658 | 20, 383 


6) 


: | 
Anthracite sessosecoceveseoess | I, 400 | ! 1, 556 | 1,000 | 1, 000 | 1,606} 1, 606 
Petroleum: 7 | 
Domestic secssesesosesecases © 7,590 u, Lhe | | 15,000 | 15,000 : 15,000 | 15,000 
Imports @eeeeovnveneee0e0e0000%86 @ 35h 


3,413 


956 | 2,375 | 5,361; 911 
Natural GaS cccseseceseccseses © 3,399 6,074 | 13,028 | 9,716 : 7,009 | 7,007 
Hydro CCPC rceCo eer Ocenereseres | 875 1,417 3,413 3,413 | 3,423 
Coal, coke, and power imports. | 6 i 7 0 | 0 | 


Shale ore Cocereresereresore ce 


Note: Hydro and imported power are included as 18,340 B.t.u.. per = “hr. in 
mn 20650 B.t.u. per kw,-hr. in 1947, and 11 »377 B.t.u. per kw.-hr. 
in 1965. 


TABLE 17. - Energy production, by primary sources, as percent of 
total, in 1939, 1947, and 1965 


Bituminous ecooeenecee 
Anthracite eeeeencece 
Total eeovecerere 


Petroleum: 
Domestic covececsoese 
Imports Coeeoecercercer 
Total Si9i@'s 0:0:8)0:0:0") 
Natural gas ererercecce 
Hydro eocececcesereree 
Shale ore ade gabe 


Hydro is uel as 12 “ah OB. tole per kw.-hr. in 1939, 
17,065 Bet.ue per i shir. in AMT, and 11,377 B.t.u. 
per kw ewhr. in 1965. 
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TABLE 18. - Energy production, by primary sources, in conventional units, 
in 1939, 1947, and 1965 


Bituminous coal, MM tonS esecocec 393 ; 631 | 52h 


| 
Anthracite, MM tons ete seeceesene | 51 | 7 : 59 7 59 
Petroleum, MM bbl: | | : 
Domestic crude cecoceccesccvcece 1,265 1,857 2, 500 2, 00 ! 2, 500 {2,500 
Imported crude and refined .o.. 59 | 159 396 89h 152 | O 
Shale, MM tonB cccccccccecsccceve © 0 ©) 0 182 


Natural gas (wet), MMM cu. ft. «. | 3,162 {5,650 ;} 12,119 | 9,038 | 6, 
MMM_kw 48 83.300 00 00 


Coal production declines in cases A and B. Even in cases C and D, which 
implicitly assume a reversal of past and present tendencies with respect to 
coal's competitive ability, the rise in coal output is not large. 


The conspicuous relative increases are in hydropower, natural gas, and 
petroleum. The hydropower of 300 billion kw.-hr. in 1965,°3-1/2 times the 
1947 level, is a judgement that something like this volume of development, 
assuming multipurpose projects where feasible, could take place on cost 
grounds in response to the contemplated increase in power requirements at 
Such costs. The current rate of hydrodevelorment, it may be noted, is sub- 
stantially below the rate implicit in 300 billion kw.-hr. per year output in 
1965. The domestic crude-oil and natural-gas figures in cases A and B are 
consistent with the available evidence on reserves and rate of new findings. 
The substantial increase in crude-oil imports in cases A and B rest on the 
combined grounds of delivered cost to the consumer and American company 
ownership of important foreign reserves. 


It will be noted that our supply estimates do not include solar energy 
or atomic energy. We have considered these possibilities and find it diffi- 
cult to see how either could grow to significant volumes, relative to total 
energy supply, by 1965. If, for example, 10 percent of the electric power 
added between 1947 and 1965 were provided by atomic stations, atomic energy 
would provide about 1 percent of the total energy supply of fs x 1015 3B.t.u. 
Our omission is a statistical convenience assumption, of course, and has no 
bearing on the current policy question of how fast atomic power should be 
developed. 


ASSUMPTIONS, QUALIFICATIONS, AND STATISTICAL NOTE 


Although most of the major assumptions were stated in the preceeding 
text or are discussed in the appendix, two will be mentioned explicitly at 
this point. First, despite the repeated reference to the 65 percent increase 
in national product, the projections would not hold for all years in which 
national product was 65 percent greater than 1947. Rather, the projection is 
made for a year in the immediate vicinity of 1965 and a national product 
increase of 65 percent. The reason is that variables other than national 
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product have entered the projections, and most of these are tied wholly or 
partly to the passage of time. Among these are technical advances in 
efficiency of utilizing energies, growth in population and families, feasible 
rates for construction of hydro facilities, rates of displacement of existing 
energy using capital such as locomotives and houses, and growth in demand for 
products of the electro process and chemical industries. Second, it was 
assumed at various points in the estimates that. there would be relatively 
full employment and peace during the entire growth period. 


As stated earlier, the data presented here are preliminary. Revision 
will result from (a) utilizing the 1947 Census of Manufactures and 1950. 
Households Census for construction of new industrial-production indexes, for 
improved fuel-consumption data, and for checking national product data; ' 
(db) additional studies of changes in the use of heat and power per unit of 
product in individual industries and functions, and detailed study of probable 
future production costs of each of the energy commodities. Such revisions is 
currently underway. 


e believe this study is a contribution in approach and method for 
government and private planning in the energy and minerals fields. Fart of 
the approach, it may be noted, is a development, with modifications, from a 
statistical and conceptual apraratus conceived by Professor W. W. Leontiet 
and described in his book, The Structure of the American Economy, 1919-1929 
(Harvard University Press, 1941). Statistical compilations and analyses for 
other sectors of the economy, based on Professor Leontief's input-outrut 
scheme, are currently carried on by the. Harvard Research Project and by the 
Bureau of Labor Statistics. Our energy study complements this boarder work. 


-_ 9 | @ 
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APPENDIX 


Chart and Table Explanations 


Ae "National product" is gross national product (GNP) in constant 
(1947) dollars. It is based on the published current dollar gross national 
product data of Department of Commerce and of Simon Kuznets, National Bureau 
of Economic Research. Although we are indebted to other government officials 
for advice in constructing deflators for the current dollar series and in 
filling in GNP data for the individual years for which no published data 
exist, they are not responsible for the twnofficial GNP series used in the 
charts. 


B. The B.t.u. series presented in chart A and the B.t.u. data that 
entered into the calculations for charts B, D, and E are from the Bureau of 
Mines “Annual Supply of Energy from Mineral Fuels and Water Power" (Mineral's 
Yearbook, 1947 and earlier years). 


In all the other computations B.t.u. data are eee from the 
conversion factors in table 19. 


TABLE 19. - Conversion factors 


Item | ___Unit  B.t.u. per unit 

Bituminous coal ececcccceccccsesee i ton 1 26,200,000 
Anthracite ccovscrccsccccecececece ' ton , 27,200,000 
Crude oil adiecie eG Gele sins eeu asieee bbl. | 6,000, 000 
Natural gas:. | 

Before treatment ceeeccccscccccee | CU. ft. ! 1,075 

After treatment cossescccossreve | Cle te! 1,000 
Natural gasoline eCoecesecersenecooer bbl. 4. 620, ‘elele 
Coke-oven and manufactured gas | 

products | 

Coke secccccecccccccccecvccceces ton | 26, 000, 000 

GAS ececccccccccccccccececescces cu. ft. ‘Converted to S40 

Tar dieeeeionesnrineentrtn bbl. | 6,300, 000 

Light OL1B scvcccccccsecccccoces bbl. ! 5,460, 000 
Refinery products: 

Motor Puel cecccccnvecccsccessces bbl. 5 9250, 000 

KEroSCn€ cevececccccecececececes bbl. 5, 60, 000 

Diesel and gas OLL ceecssesccases bbl. : 9, 920, O00 
Residual fuel 011 cacccccsececsece bbl. 6 »270, 000 

Cok@ ccccccccesccccevesersvecece bbl. 6, 000, 000 

Lubes 9eesoavseeneeaondeeoneeaeopenee2eeon @ 6 0 bbl. 6, 060, O00 

WAX cecccccecesecvcecesecccsesece bbl. 5,570, 000 

Asphalt Ceoeeeeeseeeepnoeeseegestee bbl, | 6, Cho, 000 

Road O11 ccccvecccccccscancseseces bbl. 6, 640, 000 
Shales 

OTE cecececeserecervesesccavecece ton 4, 000, O00 

Oil Ceoeeeevaseneceenaneseensecvane bbl, s 000, OCO 
Electric power and stationary | 

direct drive: ! 

AG59 ec ccccvvcveccvcvccccccscesece kw.-hr. . 18, 340 

Bop cee cele reson cnet do. | 17,065 
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C. The following eee and assumptions have been useds 


(a) Motion power, Betaes ‘Locomotive coal, fuel oil, Diesel oil, 
and gasoline; bunker coal, fuel oil, and Diesel oil; passenger-car gasoline; 
truck and bus gasoline; and gasoline used for all non=hiahway purposes 
(ineluding tractors and other farm equipment, industrial and commercial use, 
construction, domestic wae, marine use, and evaporation) . 


(bo) Stationary power, kwechr.: All electric power seueiatee: and 
all stationary direct-drive power ne de that itemized under motion FONeE, 
above e | 


Stationary power, Beteues © Where power is shown as B.t.u. in 
order that it might be additive with other energy use, it is converted from 


kw.-hr. to fuel B.t.u. as indicated at the end of Section (B), above. Since 
efficiency in power production rises over time, the showing of fuel and © 
hydro kw.-hr. in B.t.u. at the prevailing efficiencies understates the 
growth in power es 


(c) Chemical materials, lubes, etc, Bete Comprised, eueniy, 
of energy commodities that are not used as fuels ILubes, wax, asphalt, and | 


road oil from refineries; liquified petroleum gas (LPG), , except natural 
gasoline, which is used as motor fuel; liquified refinery gas, except that 
used by refineries and manufactured-gas plants; tar, excenvt that bummed as 
fuel for heat or power in coke ovens, manufactured-gas plants, and iron and 
steel plants; and light oil derivatives from coke ovens and manufactured 
gas plants, except that portion of benzol used as motor fuel. 


(a) Space and process heat, Boteuet Fuel. consumed, except that 
for stationary or motion power, converted into "chemicals, lubes, etc,” or 
exported, Includes energy industries’ use as heat, and loss and. waste ; 
among these, for example, are waste of natural gas, and processing losses 
in refineries , coke ovens and manufactured-gas plants « (Does not include 
electric utility transmission and gistribution losses or use; these losses 
are in stationary power. ) 


(ce) Exports: gross exports of coal, oil, gas, coke, end refinery 
products. 


(f) There are certain inconsistencies in summarizing the individuel 
itens for presentation in the four categories described. For example, trolley~ 
car and electric locanotive electric power is "motion power" by function, but 
it was preferred to keep all electric power in one category, "stationary power." 
Sinilarly, electric furnace power appear in “statimary power," even though the 
function is "heat." Inacfar as it is possible to determine, these arbitrary 
decisions do not impair the validity of conclusions drawn fram the tables in 
the text. Tho groupings for presentation could not affect the 1965 pro- 
Jections, which were made fram the individual items. 
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Projection of Underlying Variables 


A. National Product 


The projection of national product used in this paper puts the 1965 
level at about 390 billions of 1947 dollars. This is 65 percent greater 
than the 1947 level of $232 billions. The implicit average annual compound 
rate of increase is about 3 percent. The proximate origin of the projection 
is a judgment by the Council of Economic Advisors that "A reasonable 
development for the next few years would be an annual increase in output pf 
about 3 percent.” (Economic Report of the President, Transmitted to Congress, 
January 1949, III. Basic Objectives for Balanced Economic Growth, p. 52.) 


More basically, projections of national product increase of 2-1/2 or 3 
percent under full employment peacetime conditions are the results of various 
government agency and private studies of changes in productivity per man-hour 
in various industries; growth in population; population age distribution; 
retirement age and work force entry age; and other variables. Charts C and 
F in this paper present series on deflated national product; page 51 of the 
report cited shows a slightly different and longer term series. As a rough 
check on reasonableness, it will be seen from the charts that a’ projection 
- of national product growth at 3 percent per year is consistent with the 
historical record. 


B. Output or Activity in Individual Non-Energy-Producing Sectors 


In most of the cases, outputs of nbneenereyeproiuciec. sectors were 
projected as functions of national product and time. ‘he functional | 
relationship was estimated primarily from statistical analyses of changes 
in each sector's physical output (or output index) relative to past changes 
in deflated national product through time. Advice was sought on this 
relationship from economists specializing in particular industries. Further, 
consideration was given to which sectors of industry were likely to be the 
new product areas, and these considerations were related to ue output 
estimates. 


In a minority of the cases it was possible to project individual sectors 
on the basis of variables additional to national product. Studies of the 
Bonneville Power Administration were used to arrive at higher aluminun, 
magnesium, and electrothermal superphosphates output than could have been 
estimated from a national product relationship alone. In other electroprocess 
industries it was observed that substitutions of power for direct fuel 
processes or for other products were taking place, and these rates were added 
to the influence of increasing national product. In the case of mining output, 
other than fuels, consideration was given to the effect of diminishing 
reserves and the likelihood of increased imports. 


In certain other cases even less direct weight was given to national 
product growth. The following are examples. The main variables used in 
estimating household requirements for heat were estimates of increase in 
numbers of families and estimates of new construction. Coal, oil, and 
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gasoline exports were estimated at about the 1949 level, on considerations 
other than national product change. It was assumed that military use of 
fuel oil would remain unchanged from 1947. The five-fold increase. in 
aviation fuel requirements is an industry Seeemeve not based on national 
product change. Z 


Changes in sector outmut were examined relative to national ema 
changes in three other related sets of economy-wide projections, two of 
which were made some time ago for the year 1950. It was found that the 
assumption of unchanging inter-industry relations in these studies were in- 
consistent with the effects of wartime and post-war developments and so could 
not be used in these projections. 


The final consideration was whether sector outputs were consistent with 
each other. By this is meant, for example, whether the forecast of output 
in the stone, clay, and glass industry is cosistent with the volume of hydro 
construction; whether the volume of railroad traffic is consistent with the 
indicated coal output to be hauled; and whether electro-process steel output 
is consistent with total steel output. 


This fundamental point is emphasized: Each of the projections, which 
are made primarily as functions of national product and time, is quite 
imperfect. Some of the sectors are almost as unhomogeneous as energy and 
some (e.g., chemicals) are more so. Like energy, these are too complex 
safely to project as aggregates. Further, the technological relationships 
or the components of many of the sectors to national product are, like 
individual energy supplies, changing because of technical advance and sub- ~ 
stitution, and one cannot know how significant these are from aggregates. 
What is needed is a detailed analysis of each sector's future, in which 
variables in addition to. national product, time, pop svien, and stocks are 
introduced, | 

Ultimately the Leontief BIS input-output table and aeaceanee ‘now being 
revised on the basis of 1947 census data, will provide a far superior basis. 
for estimating a consistent set of outmut projections for the non-energy- 
producing sectors. The present revision efforts now under way are designed . 
to be merged with this larger erpere ae and: set of datae — 


Cs ‘Relationship Between Output Relatives ard_ aeons Plasticities 


' Static economic theory uses a concept which it calls the “income 
elasticity of demand.” Income elasticity is defined as the percentage change 
in demand for a product relative to a percentage change in income. Thus, if 
Y symbolizes income, D demand for a product, and e the elasticity, 


e =D 3 4ay 
D Y- 
If size of demand for a product is conceived to be identical with size | 
of output of the industry: sector producing that product, and if the size of | 
income is conceived to be identical with the size of national production, 
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then the above equation states also that elasticity measures the change in 
output of an industry relative to change in national product. 


Conceive further that elasticities for a particular size income hold 
without respect to time or other variables; that is, that output of an 
industry sector depends solely on national product 5126 « Then, given _. 
elasticities, national product, and sector outputs in 1947 and national 
product in 1965, relative output in 1965 is computed as follows ¢ 


es Dé5 = Dy7 % Y65 = Th7 


5, ~My 
M7 M7 


d Des is relative output. 
Dy 


As, however,. the eubpit relatives herein cre at tho riininum functions of 
time as well as national product: end as it is necessary to make the other 
assumptions indicated above to bridge the gap; the theorist cannot precisely 
relate his views on elasticities to these output relatives. 


D. Unit Fnergy Requirements . 


Changes in unit energy requirements (coefficients) have had only slight 
and unsystematic previous analysis. The present studies are not exhaustive 
and do not give final conclusions. Coeficient changes result from substitu- 
tions of one energy for another, technical advances in combustion or other 
conversion of energy to useful work, and changes in other production techniques. 
These projections of 1965 coefficients are the results, primarily, of studies 
of past responses of sectors of the economy to these forces over time and of 
published and other opinion on technological changes already under way or on 
the immediate horizon. To the influence of relative price movements on future 
coefficients we have applied only. intuitions, and these on too brief consid- 
eration, but prices are obviously important influences. A summary of our data 
appears later in this appendix. 


Energy for Railroads 


The textual explanation of the statistical apparatus described in the 
body of the paper may have been difficult to follow. The only purpose in 
presenting this case is to illustrate certain elements of the scheme. In 
order to highlight these elements, this illustration does not present arith- 
metic short-cuts that are actually employed in the study. Nor are the reasons 
presented for the judgments and assumptions used. | 


6 
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The Interstate Commerce Commission and the Association of American 
Railroads publish a number of series on railroad fuel purchases and con- 
sumption, some in physical units and some in B.t.u. equivalents. The B.t.u. 
equivalents data have been rejected because these are converted from physical 
units on widely differing bases by the individual reporting railroads. 


The first problem is to arrive at the most complete figures possible 
for 1939 and 1947. It is necessary to make various adjustments and estimates 
in the individual items. For example, the ICC electricity data are ~ 
electricity consumed, which means that both purchased and self-generated 
electric power are included. The purchased mst be separated from self- 
generated (on the basis. of FPC data on electricity purchased by railroads), 
for otherwise there would be counted in railway consumption both the fuel 
used for generation and the electric power generated. Similarly, certain 
ICC data include fuel of terminal and switching companies, whereas others 
exclude these; and the same is true of work-train service and of Class II 
and III railroads. (These adjustments are not large and are hardly worth 
mking; but this was not apparent until after the work necessary to make the 
adjustments was done.) | 


It was decided to use data (table 20) in which "locomotives" are only 

those of Class I railroads, including terminal and switching companies, and 
"other" includes work-train service and-nonlocomotive energy of Class I 
railroads and all energy used by Classes. II and III railroads. This solution 
deliberately puts a trivial volume of locomotive fuel into “other” in 
preference to impairing the "locomotive" data. of Class I railroads with 
Classes II and III, for which solid and detailed traffic and fuel data are 
not available. ‘By setting "other" equal to fuel purchased less that charged 
to "locomotives, there is automatically included fuel stock changes in 
"other." Conceptually, this is improper, but Pectin it is permissible 
because the volumes involved are not significant. | 


There follows the breakdown in table 20 which insides double counting 
in that self-generated PEeOtEaceey and the fuels from virco generated are 


both shown: 


TABLE 20. - Energy for railroads, by products 


Locomotive 
Bituminous coal, t. ton8 seccsccsespeeece | aa, usr 100 »370 
Anthracite, Ce tons iaewweaeieeesceevaccss | 719 — ho | 
Purchased electric power, m. kwe-hr. .... | 1,564 2 194 
Self-generated electric power, m. kw.-hr.| © 340 "362 
Gasoline, te Dbl. weccvceseseccacegessoee | | 350']: -302 
Diesel oil, te Dble cocccescccsscvesssses | 867 | 17,536 


Fuel oil, t ‘bbl. COCO EVES eoesOLererere 155, 500 89, 783 


Ld 6 
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Fe Re 


i re 


tf eee 


3.902 _ BF LT, 


Google 


TABLE 20. - Energy for railroads, by products (Cont'd.) 
#1939 1047 
Other , ! 


Bituminous coal, ¢. tons juieeeuanausteee 9,013 12 ,0€2 
Anthracite, C. tons Coecosecesecsearcereces 963 . 899 
Purchased electric Power, mo kwe-hr. esses | 283 | (403 
Self-generated electric power, m. kw.-hr.. 61 73 
Gasoline, te bbl. Ceorncevcccccessensevces Ol | B41 
Diesel ofl, Ce. DO Ls 6 vos we 6 60.06 0 0'oss e66.0-0 | 29k | 1,526 
Fuel oil t. bb 5.574 | 2 


The next steps are to translate these data into B.t.u. of energy supplies 
used and then to summarize them in terms of our functional classes, at the 
same time eliminating the double counting. The results appear in table el. 


TABLE 21. - Mmercy for railroads, by function 


1939 _| Ay 
Heat (1012 Bete) ao eae ere | 292 | 38 
Stationary power (10 kw e~hr .); - i067 0.5 
Motion powers a 
Coal-steam (1014 3 Bet ue) °j2,.970 i 2,631 
Oil-steam (1012 B.teu.) .6) 348 | 563 
Diesel (1012 B.t.us) ecvce 5 ' 103 
Gasoline (1012 B.t.u.) eo 3 2 
Electric (109 kw.-hr. ... 1.9: 2.6 


. These are left for awhile to study locomotive performance. From ICC 
data on Class I railways, including switching and terminal comranies but 
excluding work-train service; table 22 was competed on the relative fuel 
performance of various types of locomotives; 


TABLE 22, - Useemebiee nateaicnhad by fuels 


Road freight service; 


Per thousand gross _ton miles 


Coal, LDe covcccnvesccesecececscvessenne 115.00 ' 123 .00 
Fuel oil, gal. COCHCR CECE HOO ECE EEC OH EOLO LER 8,22 8.28 
Diesel ofl, gal. Cocevecesecorocgreeccos | er | 1.60 
mrecnar KWeThYe vevccccevevecscesscces 28 .73 7 : 28 85 


Road passenger services: Per rassconger-train. car-mile 


Coal, lb. RW eS iSRis Gee WSIS isl eS Giieinis ele e/e's <4, 16.20 19.79 

Fuel oil, gal. coe cer evesevesevecosoes 1.07 | 1.05 

Diesel of2, Zale Cor erererereescececeres 0.23 ; 0.28 
| 


o | 
| 

Electric, kw.“hr. Ceoccrecerosooscoseres 3.50 
| 


3.60 

Yard switching: | * " Per locomotive-hour 
Coal, lb. errr error rere Teer Te ae eee! : T7900 > 3 700 
Fuel oil, gale CO Orererecereresecacecers " 59.16 ' 61.43 
Diesel oil, Gale cevcccacccvcevesevecece 5.84 | 6.22 
eer ae CCCOCHCH CEL OLE EESO CE OELE 112 .00 107.00 
Gasol P40) 
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These data are next converted to B.t.u., and fuel B.t.u. porformance 
of each type of locomotive in each service are expressed in each year as an 
index; coal-steam locomotive performance in each service in each year 
equals 100. The averagés at the foot of table 23 result from weighting each 
service in each year by the total of fuel consumed in that service in that 
year. .(The wcoights used were the ICC “equated net tons - coal equivalent" 
figures. These are not the best possible weights, but they save time and 
they serve the immediate purpose satisfactorily.) 


TABLE 23. ~ Locomotive performance indexes, by fuels 


Freicht: 
Coal SOHRCOTOCHESCS FOTO SCHSCOHE SH SEO EES 
Fuel O11 cocccvcccccacsesecsosocseves 
Diesel CCHSCESCHEOHOCHCE COCO EE TES ESE LS 
Electric ccoccccccesccsdvessecccsccoce 
Passenger: | 
COAL sovcceccccccccrssevcceressecs 
Fuel O11 cocccccvocsecncccesesececs | 
Diesel COCO ror erorerorecerecerores 
Electric ccocccvcccccevecccccnceces 
Switching: 
COAL cocescsccccvcccececscecacecee 
Fuel oil COO CoCo o Er Ererereserereos 
Diesel ea aatee-0 60 os are Soe eee 
BISCUPIC 4:60:064008% 55660605 weeeus 
Gasoline cocccecercscececvceccceces 
Weighted averages 
CoBl ceoccecccccncncesececccececees 
Fucl of] cccvccccsccccecccereseces 
Diesel COOKE SHEHOCESCORO OOOH ECHR OO LES 


Electric ©O0COCOHTO COLO CH SEE HH LES 


The assumption is made that Diesels operate at an average B.t.u. 
efficiency of 28 percent. On the basis of this assumption and of their 
relationships to Diesels, the empirical efficiencies of all locomotives are 
as indicated in table 24. 


TABLE 24. - Locomotive efficiencies. by fue 


wet eu. efficiencies, percent 
1 | h 


Coal eeccececesece | 34 367 

Fuel oil eoceceoocns 45 5 03 

Diesel sescocccece j 28.0 28.0 

Electric secoccces 5920 65.0 

Gasolin sige 8 25,0 
3502 so | as 
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If these efficiency percentages are applied to the table that showed 
1939 and 1947 consumption of fuel in motion function (the second table of | 
this case study), the B.t.u. of work as compared with B.t.u. of energy 
used is obtained. 


For cases C and D, itis now estimted that rail traffic by 1965 will 
not increase as much as national product, but rather will increase by 
percent as much as national producte As national product increase is 
estimated at 65 percent of 1947, rail traffic is estimated at 52 percent 
over 1947. Within this framework, the following additional estimates and 
judgments are made: (a) re gasoline and electric locomotive activity or 
traffic, which are insignificant relative to total traffic, the former will 
stay unchanged and the latter will increase proportionately to the change 
in national product; (b) the rate of steam locomotive retirements and 
Diesel replacements will result in a 1965 situation in which three-fourths 
of steam and Diesel traffic will be moved by, Diesels and one-fourth by coal- 
steam locomotives; (c) average Diesel efficiency.will not increase by 1965, 
but average efficiency of coal-steam locomotives will, owing to retention 
of the best of existing steam equipment; (d) efficiency in heat production 
will increase ; (e) more stationary power will be used per unit of rail 

"output." Table 25 applies these judgments . 
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The first colum shows energy used, by functions and, where relevant, by 
energy commodities. The next column shows estimated Bete efficiency rates, 
most of which appear in the preceding table. The third column calculates 
work con the basis of these efficiencies. The fourth and fifth colums estimate 
increase in railroad work; the sixth and seventh, changes in B.t.u. efficiency 
in performing the increased work; and the seventh, the particular energy 
supplies required to perform the increased work at the indicated changed 
efficiencies. 


Since the remaining steps lead away from the railway industry and into 
the energy industries, the numerical illustration is concluded at this point. 


The remaining steps ares 


(a) Translate heat into the specific fuels that will be used to provide 
it. 


(b) Estimate the division of stationary power as (1) electric power, 
and (2) direct drive. (For railroads this cannot be done for lack 
of data on stationary prime movers, not driving generators; such 
data are available for manufacturing up to 1939 «) 


(c) Estimate the division of electric power as (1) puremased power and 
(2) self-generated. 


(ad) Translate self-generated power into purchased kwevhr. and specific 
mineral fuels. 


At this point supplies purchased are in terms of finished energy commodities. 


(e) Aggregate, in separate groups, purchases from each of refineries, 
coal suppliers, electric utilities, etc. | 


(f) Translate electric utility power into fuel needed to produce it, 
taking account of electricity transmission and distribution losses. 


te 


(g) Translate refinery products: into crude ofl, natural gas, and other 
fuel intake into refineries, taking account of refinery losses. 
The same is done for purchased FAS e 


(h) Take account of fuel used or lost in crude oil and coal peoaieticn: 

(1) Take account of and ecuanaees back to sources electric energy 
purchased from utilities by refineries, natural gas, crude oil, and 
coal. 

At the final point is left the volume of crude-oil output, natural-gas 


output, coal-mine output, and hydro output. The entire volume of this output 
is accounted for in sectors of use and functions to which applied. 
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Energy Inputs for Cases A, B, C, and D 


Power, electric and staticnary direct drive. - In all cases the hydro- 
electric power production is 300 billion kw.-hr. The remainder, about 510 


billion kw.-hr. in ‘cases A and B, is produced from mineral fuels as follows: 
bituminous coal, 60 percent ; natural. gas, 20 percent; and oil, 20 percent. 
The remainder, about 505 billion kw.~hr. in cases C and D, is produced from 
mineral fuels in the following proportions: Bituminous coal, 73 percent; 
natural gas, 12 percent; and oil, 10 percent. These latter are approximately 
the proportions of thermal central station consumption of fuel in 1947. 


Manufacturing and railroad ee ‘fuel for heat. - In case A, 20 
Percent of present work from solid fuels, except coke-oven products for the 


ey and steel industry, is displaced by oil and -gas in the proportions 1/3 
2/3 » respectively. The increment of additionel work in 1965, exce pt 
nee products for the iron and steel ‘industry, -ts satisfied by mineral 
fuels in the following proportions: coal, 5 percent; o11, 35 percent; and 

, 60 percent. 


‘Case B is the same as case A, except that the oil ond natural-gas 
displacement and new work proportions are reversed. 


In cases C ana D there is no coal displacement, and the increment of 
new work, except for coke-oven products for the iron: and steel industry, is 
satisfied by fuels in the same proportions as in 1947. 


Household, commercial, a other heat. - Same as in manufacturing, above, 
except that the eieplscement of Goal work in LAT is 30 percent instead of 20° 
Percent . 7 es 


Energy-vroducing Industries. - ae cea cases use their inputs and/or their 
own products . 


Energy Coefficient Indexes 


Energy coefficients are defined as energy input per unit of output of 
the consuming industry; that -is,--energy input divided by output of the 
Consuming sector, These are ascertainable from published industry data; 
for example, consus primary aluminum consumption of electric power in 1947 
was 10 billion kw.e-hr. and census primary e@luminum outtut was about 560,000 
tons, a coefficient of 10,405,000,000 § 560,838, or about 18,500 kw.chr. of 
electricity per ton of primary aluminum e ° Coefficients are also directly 
ascertainable from engineering data; for’ example, modern thermal central 
Stations are designed for thermal efficiencies a3 high as 32 or 33 percent, 
1.e., about 3 B.toue of fuel aepat ren Bab ote of power output. 


The following tables siegent some approximations of empirical coefficient 
Indexes, which are calculated from Census and other industry data. In 


addition to these, other coefficients or coefficient Andexes appear at other 
Places in thig paper. 
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A. Heat Coefficient Indexes 


Numerators are calculated primarily from Census data. Denominators 
are Federal Reserve Board production indexes adjusted for coverage in some 
cases. Coefficient in 1939 = 100. 


Industry group pee 1929 —s«Cd29 1947 
Food and kindred eecccsacccece oe 108 100 86 
Paper and allied secocecccccccs 148 LOO °118 
Stone, clay, and glass eoeereoce E53: 2 | LOO 8h, 
Nonferrous. metals eecereceecennsee 123 100 101 
Iron and SUCEL. S660 bs 006-0606 50% 121 100 © 103 
Chemica@lB ceccececsdcesersececece iz 100 78 
- Textiles and apparel Corveocorseces 133 LOO “ 


Numerators are calculated primarily from Census data. Denominators are 
indexes presented by Solomon Fabricant in "Employment in Manufacturing, " 
1899-1939 (National Bureau of Economic Research, igh) e Coefficient in 1939 = 
100. | . 


Industry groups 1929 | 


Food and kindred group cecece 112 
Paper and allied group cacece 45 
Stone, clay, and glass group. VA5 


NonferrouS ZYOUD eescececsecee 132 
Iron and steel EBXYOUP ecosesos 116 
Chemicals Zroup ceecesecesecs E0 
Textiles and apparel group .. 133 
Industries 


Cordage and twin€ cececorseses 236 
Collapsible TUDES): 0% see se ees 131 
Baking powder POCO COOH COLO CES 110 
Carpets, rugs (wool) econececes 114 
LMG: «ae 600-6 0.0 ws. 010 0.6.66 6.64 6 0:8 125 
Caskets and coffinS ecececccece 122 
Cast-iron pipe Ceoeneeeeoegsere 127 
Bread and other bakery 


PYOGUCTES: 0:66 6 wesw. cies ewaeess 91 
Beet SUZAL ceoccvevcevcececere 116 
Concrete products eovervevocee 139 


Numerators are calculated primarily from Census date, but fuel used for 
self-generated direct drive (i.e., non-electric) power has not been eliminated. 
Denominators are Federal Reserve Board production indexes, adjusted for 
coverage ~ some cases. Coefficient in 1939 = 100. 
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dus ups 


Transportation equipment, exclusive of automobiles .. 
Leather: sssarvececccscccesececesncveccccseescceseseres 
Apparel COR eEe oreo eaedSd dea Haeer ELSE SESE O EES SHOR DaAECEZOS 
Textlles seressreserssdedoaserdaraberececdsersdicevsecsertecd 
FUINITULE secssosedecodasdovrededssvesrvcssoderdssessacs 


Tobacco MANUPACTUVES sevccdseredadescccsvacrsacsersgcecge - 


Machinery: (except electrical) Ved eddvececcccasecdsences 


Printing COCO eee Dee eeeeHeaeredbdoioeereroresereseoes 


Electrical machinery Cees sderesedescccecsceceesrerdse. 


AUCOMODELES: ederehecerecsrcvecescansccccesecesecerore 


Rubber Cees vaca se Lae Re devevverersersscereseedsessesgeere 


B. Power Coefficient Indexes - 


Numerators ‘are kw hr. ‘electric power ‘plus ‘direct-drive power consumed 


and are calculated primarily from‘Census data. . 
Reserve Board indexes adjusted for-coverage in-some cases. Coefficient in 


re ee a 


re 2 a i 


Denominators are Federal 


17 


Industry group . £929 1939 

Food and kindred cececectiaccece 9 100 © 100° 
Paper and allied secccssccvvceces 106 LOO _ 105 
Stone, clay, and glass eoescore 98 100 : 91 
Nonferrous metals CeCe reoeceror 43 - 100 160 
Tron and StCC1] ceocececcccvvcns (2 100 ait 
Chemicals (new FR index) ecececn = 100 _ — 103 
Textiles and apparel Jesvausseet * 104 100 | = 


Numerators are kw.-hr. electric power phus direct-drive power consumed 


i &re calculated primarily from Census ‘data. ‘Denominators are the Solomon — 
abricant indexes cited earlier. Coefficient in ‘1939 = 100. °’ -_ 
industry group 1929 ... ’ Industries . 1929 
pood and kindred satbachaie a eieaie 93 | _. Bordage. and tWINE cescsereoece [P, 
“Per and allied Ceocoreceneces 104 .. Collapsible. tubes sececerccecs Je 
Nonfeen e? and glass ececece : 92 Baking powder a ewa eu caweeeee 61 
Tro Crrous metals CoDevececerce 46 Carpets, rues (wool) ae er eee 65 
Chemd nyo teed Ceococesererecee 69 CDULINOY sigcp guia QS 9) o-bregiesereGiee:@eue ewes 76 
meer PPP en erence cevecereeee 114 Caskets and cofrins eoeeecccocce 108 
8 and Gpparel eeececose 104 Cast-iron pipe Coecorececosecee 56 
Bread and other bakery 
products @eeoveecegversesevervcoece 80 
Beet BUBAL eocccorecssececvecs 93 
Concrete products eecvsecevecen 19 
3902 
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Industry group, 
Transportation equipment, excluding automobiles ...ss. 


Leather COCK ODE SE SESE SECO LEO HEOSESEREO SEO OSE SELES OLENRS 


Lumber 8:0) 9:80! 918.06 6°86 6)9)9' 66/0 01806 16:8 018 0. 6:4: 9:00)6 0:9'0)8 40 8.6 


e f¢ @ 8B , @ @ 


Rubber coer eer cc oes recero ee sere cereretaseceseserecece 
phyarthe- errr rer rrr errr Tr ee Tr eee ee Pe ee ee re 
TODS CCO: -winsie oo wie sinew #010 o's 0 aus 60-0:00105.66 44.0060 6'ob 6 O45 
Machinery (except electrical) CHOCO COSO COC OLE COCR LECEOE 
Printing COSC oe Coe ree re rerOrerErenorererorecoesseres 
Electrical machinery Coo cece cececesecenccecereveserees 
Automobile TECECETELELEL ECE VererTerererererererer rere t 
Food and kindred SCCH HOCH CHHCHSCHHSHE LOSE SE HH CH SCOHEEO LOE 
Paper COOHOTCHOEOCHCHHCHRHHEOSOHHOHOHOHHE COCO SEE SOE HERHOLEOSESR ESOS 
Stone, clay, and glass COCTHH DE CHER OES ELOC OER EOE EHO LES 
Nonferrous MCtalS ss oe~0 ss 60 se .6'0:00:6.e 606%. 0.00 siseeew @ceeee 
Iron and steel COSCO Ores eeesneesecerereresoceseseree 
Chemicals (new FR index) Sree errr reer rr er rr errr rye 


Denominators 
Coeff ic ient in 1939 = 


1947 


duction volumes in most cases and production indexes in a few cases. 
Coefficient in 1929 = 100. 
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Industries 1919 — ge9 


All minerals industries eeocvcece a 100 


Bituminous coal Coeecerececnrercs 79 100 
Anthracite COCOSCE COLE LOE ESOS ECEO® Te 100 
Iron ore CCRC C CCE OL ELLE FER OOe 103 100 
Copper COCR CECH CE CECE ESE LOR CE OE me 100 


RV eeree er ee rr ee rere rT ee 114 Gce Ge -- e 1Q0.. 

. Limestone COCC CECH OCHO CECE LEELO OLE m ith i detest, GA 
any GronitlUG' x65 eis e's ss Ue wiew 6 Wb0 6s eeieek ai EMirGe. - 100 
-. Sand and gravel Ceoedeocecosercese = ae . 100 


Phos phate rock Coecoecerecesececse 92 ae lad, 100. 


. Crude oil COHCCCC ECOSOC LOO LTO LER OLAS ss F 100 


-~ h6 - 


Google 


Numerators are kw.-hr. calculated from Census data, but self-generated 
direct drive (i.e., non-electric) power has not been included. 
are Federal Reserve Board production indexes. 


100. 


Numerators are horsepower of prime movers Plus horsepower of electric 


motors driven by purchased electrical energy. Denominators are physical pro- 


‘ 


Numerators are kw.-hr. of electric power consumed. Denominators are 
thse indicated immediately above. Coefficient in 1929 a 100. 


Industries 1939 


Bituminous coal eecececccce 137 
Anthracite @eaeverevesqesoes hs 
Iron ore COC COCO CEC Oreo rer®s 113 
Copper Ceneeeneeeeeconvoeracece 113 
LEAd covcccccecovereseseces 106 
Limestone Saeeorceegreeeagveseoe 136 
Granite COCHOT ECA RETEOCE OBR EO® 78 
Sand and gravel seccesecese 104 
Phosphate rock seveceseeses 88 


Numrators calculated from Census data, but self-generated direct drive 
(i.e,, non-electric) power has not been included, Denominators are catch-as- 
catch-can calculations of output. Coefficient in 1939 = 100. 


147 


Collapsible tubes. sese.ese. 152 
Baking powder eeeeveseevgeges 166 
Beet sugar a wh9 


3%2 
= 47 = 
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TABLE 26. - Energy: Supplies (in 102° B.t.u.) 


Consumption function and sector 
Heat: 

Energy-producing industries; . 
Bituminous coal 
Anthracite .... 
Crude oil ........ 
Natural gas, natural gasoline, and allied. 
Cok€ OVENS ..cccscecens 
Manufactured-gas utilities ,...ceccsvceees 
Petroleum refineries: ic 6 iced secs ee saws se 
PYNUNE CLE ODL isd 5 5 sees base: wo ae 68 Sree, el ahr te ee 

Total ..... 
Manufacturing (1939 Census groups), exclusive 
of refineries and coke ovens: 

Iron and steel 
Chemicals 
TOKULLES» edsieawe Ses Walew sie ania vee eneee eras 
Stone, clay, and @laASS ...ccccccsccee 
Food: and “Kindred 6 isis aise s 0 eeu sale e ee eas 
Paper and: GlII60 iiss accede wise nee ewes 
Nonferrous. metals: «sds diced deine se el'sees @ 

Other manufacturing, exclusive of refin- 
eries and coke ovens ... 
Total ... 

Railroad, nonmotive 

Commercial, household, and other: 

Identified as household ..ccccsecccesccves 
Household (unidentified), commercial, and 
OUHEF fie tee Ss teGee dale eies es ee wee eae 
Total. vveieee es 
Total: HERG “és cess ee were eae 


Electric power and stationary direct drive: 
Energy-producing industries: 


Bituminous COB] cosas ewiscsew a ieie 4s eis sees eee 
ANENYACICE 6s baWesaw ties ewe 
Crude oil ..... 
Natural gas, natural gasoline, and ailied. 
Coke ovens She ates Bu avidus 
Manufactured-gas utilities ee cccsssvconcue 
Petroleum refineries ...... 
Synthetic oil (both heat and power, B.t.u. 
presented under heat) ..ccsccccveccescee 
Electric utilities 
Total ..... 
Electroprocess manufacturing (1939 Census 
groups), exclusive of refineries and coke 
ovens (S.I.C. and 1947 Census four-digit 
industries): 
Abrasive products-3291 (includes silicon 
carbide and aluminum oxide abrasives) 
Electrometallurgical products- 3313 
(primarily electroferroalloys) ...ccesee. 
Primary nonferrous metals, nec-3339 
(includes magnesium and cadmium) ....... 
Alkalies and chlorine-2812 ...ccccccccccess 
Inorganic chemicals, nec-2819 (includes 
alumina, calcium carbide, and electric 
phos phorus 
Total, part of 1939 chemicals group 
Electrosteel, part of 3312 wi.ccccccccccne 
Electric heat-treating (no number) ....... 
Total, treated as part of 1939 iron 
and steel Zroup wccccccvcccccccsecs 


Primary aluminum-3334 ...ccccceccceccccess 
Primary “2inC=435 3} owe aoreawed eet ierew ed eee 
Primary COPpGY= 3331) wsieisve.<-0ce'e wee 6 ew eevere eee 
Aluminum rolling and drawing-3352 ........ 
Copper rolling and drawing-3351 .wccccccens 

Total, part of 1939 nonferrous group. 
Carbon and graphite products-3612 ..cceeee 


az 


@eeeoeoenvneoseeeseeeaeevraneene 


senenpeeneveanevee 


eenecneeaenpeeoeosneosd 


Total, electroprocesSsS ...ecccccovvceee 
Manufacturing (1939 Census groups) exclusive of 
manufacturing items above: 

Iron and steel group ..ccvvcsccveccescsccs 
CHEMICALS | BTOUD: 6 4sie dose Jeweiee eae a Sosa ede 
DORCLLES “RP OUD. here sa: ecaiere a ere els ease est wees 
Stone, clay, and glass group ....scccceess 
Food and kindred group .escccrcvcccsecccens 
PA DOF <BPOUD" be: s:p:5) ea: scare ace Gece be Sree oserel sas e Ws 
Nonferrous. Group ajiex se<0 eee see Sew ed 6 Sees 
Other manufacturing groups 
TOUR, neisiece 

Total, manufacturing exclusive of 
petroleum refineries and coke ovens 


@eseeseseveetevneeeesnanee nee 
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ae 2 


Case D 


1 


2 


2, 397 


8,855 
Ligeoe 


OG 387 


OD Le le Rare 
own mM Mr © 
Cow OV D7 NO 


eo eae a ee a Sera GR 
pal eal aeaf ff 
5 130.8 


we 
Nn 
NM 


SOG AD MPL A RD 


rates 
s6s.oleiveol uel | | | 


en AER: 


TABLE 26, - Energy: Supplies (in 10/2 B.t.u.) (Cont'd.) 
1939 | row cas 
Consumption function and sector Case D 


Electric power and stationary direct drive: 
(Cont .d) 
Railroads: 
Locamotives ...ccccccce Teer ree re eee eee ee 
NOMMOC IVE: .ca we -d0cae es owe wee aN We eee cee 
OCA Lire s6 te eee je wre Pw pvel a we a ore cea rede eee 


Household, commercial, and other: 
HOUSENO] ns cceewe cece eens Ke ete-sie eee ews 
Street and interurban rallwayS ....ceccees 
Public authorities; street and highway 
ip F-d epee 0 ol amarante err eer gee arene eee nee ae 
COMME DCLAL 56's ware. ase W Wise oie Oe Odea a eiwia.e we wie ‘ 

QUREY ssaee sere Tee eee ee ee re ee ee ‘ ‘ ; 
POtA lw eoox.e5 errr sevececesecveeee! 1,061.2] 1,974.71 3,559.0 | 
Total, electric power and stationary 
Giréct drive 2. %ehwcee peewee. a wteces 


9,159.6 

Motion power: 
Railroad locomotives: 

COBR sieneaeed dws errr ree rere er ree re eee re 

BMGT Ob: a ave 656s grate www 0 Sie awe ea en. oe wes 

DIGSE1 O11: 6 eS cace i ard We W6 wh Vo WW O08 BPO 8 es 

GASOLANG® ode vvieeiad ae Rie Saw aoe ewe oe eles 

Electric power (included in Electric power 

and stationary direct drive, above) 
Total, railroad motive ...s ceseccecee| 2, 329.0 ; : : 1,694 .3 


1,055.4 


0 
637.5 
1.4 


Bunker: 
COB) 55. cielee 6 wi mscete Bie eta te oe ba ie oe ea 6 wee eee ee 
PG 151 ou vieciee enkn'G ne ecw lew wel © wate we k baw We cane 
Diesel oil ..... ee ee eer ae eee Caries 


Motor fuel: 


Cars eseeseoeoeteeseeseeteeseeveee8 @eeovpnveecoeveaseeseeeoaensv ee ee 
Other highway @esevpeeoeeoovoveeveeseeseveveeeeeeeeos 
Aviation @eseoeoeeonsbe eseenoventenvesescoaoeeoenevpeeeeseeoe 


Tractor fuel - Fore ine and Diesel only ....sece. 53. 5 oF i: 181.3 
Arzy, Navy, Coast Guard - Diesel and fuel oil 
only . sees oe @eecesaeoeseueuevpeaseavneseaeseseevpsesveeaee0e280 8 Hise 


Total, motion power Seeeesevoeseveveces | 8,640.7] 


CO 
O 
Ne) 


Exports: 
Bituminous coal @eeeneeee4e#eaeeseoeeeene @eoseeeseeaee one eases 


Anthracite @eeespeeeeaeoeoeavpeeoeeeoeseeeaoseeeeceveeseeeeeeeeaee 


Crude: G11 ce sciewaalsee seh Wee oleeG ON Nes 00 wow Cees 
Natural @dS K<esiceesevewevewee css cece sees eaun es 
COKE=OVEN. COKO © aidnw0.060'6. Wis 00 000-0, 6 0.0 06.6 6 woe eee 
Refinery products: 
MOCO? Tle Li Gwsie wsavece 6 -0die eho Whee oe ee ew 6 80,8 
ROros iN) us sy ccovewas SS WO Ae 00S NO Os Oe Ewe 
Diesel and other gaS O11] ..cccccsccccecces 
Residual fuel O11 ses ecsccevtsseedes va seus 
ORO gsaie ecg reece eiak Ow ee a Skee e SOS Oe 
MisceélLlanG@Ous: x gsccdie wks We 0:0 ise we SS, &Sce es 
BUD OS - oi Wis wei sw hk SOROS SR a wale wines 


Wax CoeeeeeseneceesreeeeeseseeeseeeeeneEsereoe 
Asphalt eeoneenee ener eseseseeneeesenesenne 
Total exports a Nenu Gg geet deeds eal oie Sod Ga waie es DOO OL 


1,500.8 3,025.1] 1,371.5 | 


Lonestic chemical materials, lubes, etc.: 
Coxe ovens: Tar and O11] .cccccccccccsscccseceees 30.8 oe 0 ee 0 
Manufactured-gas utilities: Tar and oil ...... 24 .0 sa | 78a) 
Refinery products: Lubes, wax, asphalt, road 
O11, miscellaneous ...ccccccccsecccvvecesvece 423, 366. 1 A zal: 0 d 457.0 


Total, chemical materials, etc. .....| 475.3] 969.4 | 1,600.0] 1,600.0] 1,600.0] 1,600.0 
Recapitulation: 


GAS yuclin oils w Steve ele le 66' e'e'S wae pie Wk OS whe ae Sw we OS 
Electric power and stationary direct drive .... 
Motion eeeseecoevoeenpavnesevpeeevneeeeovoeeenuevpeeseeeeenneesd 
Exports eee eee eeeresreee-seeeeseceseeseseeeaeneoe 
Domestic chemical materials, lubes, etc. ...... 
Total, consumption and loss ..cccoeee (eH O31 
Check totals: Energy production and 
{IMDOTtE: cokeiwuwies cue kiveuw eed saeetersOeo 
Note: Totals will not add owing to rounding. 


decoornar’ Ww 


i DNONOADHUE WH 


1,60 
48,199 48 136 
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Heat: 


TABLE 27. - Energy: Work (in 102° 5.t.u.)2/ 


Consumption function and sector 


Energy-producing industries: 


Bituminous coal .......0.- ei tulave fev'brib a gsie-i0%e 8. eisie 
ANCHracl tes iced. cies whee oe Gears cee a wie oe waves 
Crude 02. oecstess odie ans Saceus 0508 Wier we eee lee woe eee 
Natural gas, natural gasoline, and allied 
COKE OVENS, 6.6 oie 5b eie eB sie veers nsnib baie a 8, 8a a 
Manufactured-gas utilities .,..ccccncscce 
Petroleum refineries ...cscececenccsecces 
SYDCHOT LC OLD: ve wiaiel sg aesevane ee celere ie severe arite eudal 

TOCAD, scck 6's ee diass ee er or ae 


Manufacturing (1939 Census groups), exclusive 


of refineries and coke ovens: 


Tron ‘and Ste@@l] wivecicenccrevevesesrseses 
Chem Cal's: «5 bial eeietes 6 aielete enor oie bs d.e(e brute: or bvere lores 
Textiles ..... e206. 6. 2 87UR bbe. ot'ae acaseleaeie: ie nn''e iaces6; 
Stone, clay, and glass .iiweccencccnsrcce 
Food and kindred ,........ avec: Sser'e-eedavacesavetete 
Paper and allied ..... ccc c weer wen ccneres 
Nonferrous metals .....csecere ois ea eres 
Other manufacturing, exclusive. of ref in- 
erles and Coke OVENS ...ccceccascccscce 
TOCAL, 'o disnsic, 5s 'eteie ese avec 6:0 ortvasars; ecb else o56 


Railroad, nonmotive ...creccuccccscesvcccscncs 
Commercial, household, and other: 


Identified as household ........... Sel ecelens 
Household (unidentified), commercial, 

and other ....... we lnce.w ieee: Slee eS ererececace tele 

TOUR] \ s5b20 ahs: oso sain ies atelisie's eip 6: niece Seiad 


Total heat coer eee ee er aces eeseneteone 


Electric power and Stationary direct drive: 


Energy-producing industries: 


Bituminous Coal ..ccsccesescccccvccsssene 
ADCH TAC LCG.) x 555 -sia-wieiie ealeia dare a eveeui ere"ecd eva ater 
Crude: OL. sic s vaca ewes a ears esate ete e6 pale wevenes 
Natural gas, natural gasoline, and allied 
COKE “OVENS ecceiere eee osii so Sie Wie Sialere 60 vie ocee wieee 
Manufactured-gas utilities .....eccceccas 
Petroleum refineries ....cccesececccerce oo 
Synthetic oil (both heat and power B.t.u. 

presented under heat) ....sccccccccvece 
Electric utilities ..... ccc wc ccc ws ccncces 


Total esvecesnevoeeeneseonseseeeaeedsunenaeene 


Electroprocess manufacturing (1939 Census 


groups), exclusive of refineries and coke 
ovens (S.I.C. and 1947 Census four-digit 
industries): 


Abrasive products-3291 (includes silicon 
carbide and aluminum oxide abrasives) 
Electrometallurgical products-3313 
(primarily electroferroslloys) ..cce.e: 
Primary nonferrous metals, nec-3339 
(includes magnesium and cadmium) ...... 
Alkalies and chlorine-2812 ......... é 
Inorganic chemicals, nec-2819 (includes 
alumina, calcium carbide: and electric 
PhHosphorusB wecccracecccece Pare are ieee 
Total, part of 1939 Census chemicals 


group veoerernentepeoeeesnespenoneeseanenen 


Electrosteel, part Of 3312 ...cccacsccsons 
Electric heat-treating (no number) ...... 
Total, treated as part of 1939 iron 

and steel Group ....esecsaseserence 
Primary aluminum-3334 ...... ccc cen encnece 
Primary mine=3335 04.s0sies sas cag exnwene ds 
Primary COpper-3331 w.ssecccencccscvevene 
Aluminum rolling and drawing-3352 ....e.- 
Copper rolling and drawing-3351] ...csseee 
Total, part of 1939 nonferrous group 
Carbon and graphite products-3612 ....... 
Total, electroprocess ..rcccesnseccce 


Manufacturing (1939 Census groups) exclusive 


of manufacturing items above: 


Iron and steel group cece cesccccccsesscce 
Chemicale Qroup .sscscsccescueeevevesseee 
Textiles @roup wcsccevcccccccccccvsverces 
Stone, clay, and glase group ..c.cccccecs 
Food and Kindred group ...ecccsccsenscere 
Pe POP RPOUD sess st. sawaleew vere ey eae oe 
Nonferrous @FOuP .....eecccccccecessncues 
Other manufacturing groupB ...cscecesoace 
TOCGD) 5 boo cece ore co-e eck 085s wo etl bb tes eidie ee 
Total, manufacturing exclusive of 


petroleum refineries and coke ovens 


Railroads: 


Locomotives weseseeeeeteeeraeneseeesenenesneon 
NOMMOC1VE .ececseseronces ccccccescecenes 
Total eecwereeeemneneeereseec nesses enone 


Household, commercial, and other: 


yoe 


HOUBENOLG: <sre.o oie sce io: es0se 8508 Bi bie. i0's 6:0 sese-w's 0-80 
Street and interurban railways ....cccces 
Public authorities; street and highway 
ATEN I Ng: ove.e oie siete doe v6. 8 6:6. 01080 ee5eiere 
Commercial .isscccccccsccevesccseucsecens 


Other eeessvpoeeco-enpeanveeoaceeeeeevneeeeneaneoeesege 
Total wecsecures wie ievereiore 
Total, electric power ‘and stationary 

Afrect: Grive@ 60k. cece wet see ees 


Google 


1965 
1939 igh7_ All cases | Case A | Case B | Case C [| Case D 


628 826 


3 ——— 
O42 Lal — oes te tis 999 


11.0 19.4 29 29. 41.9 43.5 
5.9 Tad 8 8. 13.7 13.7 
7.9 13.2 30 30, 30.3 30.3 

10.2 25.8 63 50. 34.0 34.0 
yl aD 8. 8 8.9 8.9 
4.7 7 4 4 6.0 6.0 

15.6 ot 50 59 45.9 43.3 
0 0 fe) 0 0 
92 .6 is 6 4, THY 

EC Ge ee re) eee Be 2 554.1 


Ole RAR ODOHA 


~ 


eee hoe 


1,110.3 


i 
I 
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Eo) 0 8 ee ee 


TABLE 27. + Energy: Work (in 107° B.t.u.)i/ (Cont'd.) 
196 
1939 | 19h7 [Ati cases] 


Case C 


Case A 


Consumption function and sector 


Motor pover: 

Railroad locomotives: 
Coal 

Fuel O11: fic beware ete ta Sees eew se 

Diesel O11 cacccnanccccrcavccsacsnaccceecs 
GASOLINE .wcccercncccccnccccesensecscceces 
Electric power (included in Electric power 

and stationary direct drive, above) 
Total, railroad motion ...csccecscoes 


8 


of 
of 
ON 


Bunker: 
COL es She Me Bies we ee eee esse eee ee eewa 
PUGL Ol) oc oye. 'ss esi Sere Fe een eee Cia eee 
Diesel: OL] ise vss deities be b.8 oes 
Total, DUNKED 46 6 wince Gs Sees ROSS ROS 


Motor fuels; 
CODES > sais bo Seiad SENOS Sais oh OES we ek hed 
Other highway nobeS Ser dnetelw drab. ow .o. ohele senators acsCenenevene 
AV LOC LON: foe a hv ceine wae areca wie owe Was auana tone ae atecece, © 
Other nonhi gnway v.wssd cece sc ewenceeee eves 

Total, motor fuel ... 


eevee enaereveseeee 


Tractor fuel - kerosine and Diesel only ....... 

Army, Navy, Coast Guard - Diesel and fuel oil 
OnLy v6 sea tee eudas 
Total, motion power ...ccecerccvceces 


ine) 

ine) 

Nn 

hws) 

Co (@) 
® 


=) 
OC 
O 


Exports: 

Bituminous COA] ci csictvvaeseds ceveessesea beens 
Anthracite .....cceree ew ccecee 
CEUAG O11 2's 6iv 6 wie ate a ew We ele Sce's 
Cuabty. Was. |: Reena gree nce mana tr whee ween rer are rae eer eran eer 
CORE=OVEN: CORO ise siwalns 6s:0 be 604 os sere le ea ee wes 

Refinery products: 
Motor fuel 
Kerosine ..sscccce 
Diesel and other gas O11 ....scccnnccccees 
Residual fuel oil 
CORE: i ir-csh 6's WW i woe ean a Nwe eps Nea ae Mees ee 
MiISCOLIGNOOUB® .cs-ws6e Saw oon aes ww wena Ose 6 ote 
LODO 06 e:5:0e ae % w'e e 0% 
Wax ... 
AS PHB LG: tors isates Vinee uw: S.eeye w70200s Sie wie aiel ea €% SG e 
TOCAL -EXPOrUS: sie. ewer aes okt Saree oe eee 
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Domestic chemical materials, lubes, etc.: 
Coke ovens: Tar and O11 ..crcscccccrcscccsccer 


Manufactured-gas utilities: Tar and oil 
Refinery products: Lubes, wax, asphalt, road 
O1l, MISCELLANEOUS .rcaccerveccucrseenevracevine 
Total, chemical materials, etc. ..... 
Recapitulation: 
ROG. a xcaty ogee eaves wre eee ous 
Electric power and stationary direct drive .... 


Motion e#e@eeeaeoeoesovseeoseevnees eee neeeaeeeaeeoeoeseeoaeseoeeeaespaes 


57-9 DT Dd 
14.0 16.5 


SE EE RE ES A RRS 


eoeveeeeeoveaevneevneeeeeeseo neve 


Exports eevee vneeseveeevwevesveevneeeeoeveoeeoeeeseeev een 8 


Domestic chemical materials, lubes, etc. 
Total 
Totals will not add owing to rounding. 


2 


Rote: 


l/ To compile this table of "work", the purpose of which was to produce totals, the following efficiencies (B.t.u. 


B.t.u. energy supply input) were applied to energy supply inputs: 
Percent 


Heat for industry wrcscecrccccecscvaes 
Heat for household, commercial, and other; 
Anthracite ....se0-. 
Bituminous coal 


Coke eoeeeeceteasoesetOseeweeeeeeeveesvpeescseesecneveetseaane 


esceoeoveveeeovneeeeveeenereveeaeeesn ee 


GRBs pecia eek eke sa Oe 6 EO RSV ae OSs ees 
Fuel oil eaeeesneevgsueaqenspeeaeeespeeaes ess vneeevneveesnpneesoseoe 
ROroS1NG@ <5 605. veces i see Ge'ee. we 60a ec edne bea en Ones 
Ald: POWST sii. sdie tein 6 Sn bas 
Locomotive fuel (other than electric power); 
Bituminous coal 
FUG1 i011. « 6i0.0:s:0sis wae ow a6 We poe ekia Se We wea ew eelence 
Diesel oil 
Motor fuel 
Motor fuel and kerosine tractor fuel 
Bunker fuel: 
Coal Cee ere eH eee neeeoeeesAaHeereneseereseseoeee 
Diesel oil 
Other O11. 4 cecevses 
Army, Navy, and Coast Guard: 
DVGSE1 OLE gticn:e sae Cae EMSS ORNS OOO eee S 
Other oil 
Exports 
Chemical materials, lubes, etc. .... 
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eseeeocvoeveepesesepeveeepeeeeeevseeceeeeeaeeeeeee? 
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Com WOMAN 


8888 888 
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eoveeeoeeoeesseeaenseseonsceaseeeoeseeeeereevoeeanvneeeeenese 


2222 888 gygue 
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Google 


48 800 800 800 
consumption and loss ........-19,9le [16,950 |  —s_s_—«f- 26,665 [26,345 [25,466 25 


Case D 


1,674.65 


Heat: 


TABLE 28. - 1965 Indexes 


Output or! Work per unit 
activity, of output 
all cases 1947 = 100 


Consumption function and sector 


Energy-producing industries: 


Bituminous coal eoveeaeeeoeeneae e@eeoeweevevaeeeenvne ee e@eosoeteeeoeee 
Anthracite eeeerseevevoevsevneneeeeevoeeeenscevnaenvseseovoeeseeee ese ® 
Crude oil ee@eeveneeee @eeeervreeneoseteee@eescuwevee @etouteoeeaen ® 


Natural gas, natural gasoline, and allied .......... 
COKE "OVENS™ 55.55 4d: 6.058 se © SRii Roach Bobo, hee Wee Sema es 
Manufactured-gas utilities ccc ccccccvcccsnsccvcccene 
Pevroleum Tet INeGTieGs: 445 <aee4 sees oe Sawa ew ae 
Synthetic O11) .¢iscsiadeweees iiss 96a eevee Caer eee ahs eae Bae 


Manufacturing (1939 Census groups), exclusive of 


refineries and coke ovens: 


Iron and steel ......... er ee eee ee are ioe wecevatete 
CHEMICALS secs ou ie ae iae en te eS 24 Ss 0 OS 6 Ole cae 
TMORELIC Sno Wis hee ceeeee es rhea ase Caves arene wie 4 ee 
Stone, Clay, end. BLBSS® gucessagires ieee WW woe es eee eee 
Food and kindred .....cceee> Serre re eee ee ee aceite 
FPADGr Gnd “A 1IVOG 2 yineciiekea ee Male ORR wa eee eww wae 
Nonferrous metals ..... ee re ee ee ee ee Bie eee etauere 
Other manufacturing, exclusive of refineries and 
coke ovens ..... otis alee Jac eiserme GNGNG Gilg wt ete eee dave BseNarw Seca ets 


Railroad: Nonmot ive @eseeeseeeneeteoese espn ee @eeesesteeoeeceeneve2 8 
Commercial, household, and other: 


Identified “as. HOUSEHOLG . 5 ss shia ew h0ie.ee a aie eee wale lees 
Household (unidentified), commercial and other ..... 


Electric power and stationary direct drive: 
Energy-producing industries: 


Bi Cum i nOus: COA) «seg. waowteta kw wwineeie we Re Sew ale een aree 
78010] 0 al. Cop ch - eee ane ae ree area ee ee nar 
Crue Olds. sxe eels ess vacate se wie grew ae wie ee ae as a eee ae nis 
Natural gas, natural gasoline, and allied .......... 
Coke ovens ..... Wie ete liecene/eiene Tere eee ee ee eT ee ee 
Manufactured-gas utilities ...cccacccccccvcccsaceese 
Petroleum refineries ....... Teter Tre eee Te eee ee 
Synthetic oil (both heat and power B.t.u. presented 

MNdGEYeNESG) i eae bo SG hea Oulart eiiacs Deena wenweeee.s 
Electric utilities: ..c.s.5<484 ree Sielece ea ense ose 


Electroprocess manufacturing (1939 Censtk groups), 


exclusive of refineries and coke ovens (S.I.C. and 1947 
Census four-digit industries): 


Abrasive products-3291 (includes silicon carbide and 


aluminum oxide abrasives) ......ee cece eee errr 
Electrometallurgical products- 3313 (orients. 
CleCUroLer roa loys). whee ssa aierecuene be aioe ejerand 


Primary nonferrous metals, nec-3339 (ine udes:. 
magnesium and cadmium)’ .iiciisecwewku esas o8ee ewe 
Alkalies and chlorine-2812 ... ccc cece cw cece ees eecees 
Inorganic chemicals, nec-2819 (includes alumina, 
calcium carbide, and electric phosphorus) ........ 
Electrosteél. = part: of 3322 Jive wi neve dau te eee ee ees 
Electric heat-treating - no number ....ccccecccvcces 


Primary aluminum 3334: is asGuiess eww eee aw taeda eh oek eae 
Primary: 2inG $4333) .cisacs ook eee tieidisaerd oi aceracda.wie bared Sree OS 
Primary coppers$ 33). .4. sas 6S ew en tea e ee ie teu Shee ede cawen eu 
Aluminum rolling and drawing-3352 ...ccccccrsccvesecesecs 
Copper rolling and drawing=3351 osc .sd.eu sw sacsse wee ce bGldee 
Carbon and graphite productS-2612 ...ce ccccccccccccccces 
Manufacturing (1939 Census groups), exclusive of manu- 


facturing items above): 


Lrom.@nd: Steel proup: 2 w5046 4a SG oe eae pee ean ea we 
CHEMI COLE RV OUD saeco ad aca ae wwe a Ge Glare ea aces oh before tees 
TOXCLlL6S. Group .cicceve suse ers ed ea WA: Saude ie eS sees Reoee es 
Stone, clay, and @laSS Zroup ...ccrccccccccccsvcvccses 
Food and kindred) @YOUD: i-c-s.se.sesee i 608 waa he be eee a eee 
Paper @roup ....ceeee 6S el wica Ses e006 leer: i. bre! 8: wie) ee: 0 6 wi-ete ie o% 
NoOnt Grrous /Rroup vcvws wee ee AGAR e eee eae er ee wes Gh< 
Other manufacturing groups ....... eer eee eee ee ee ae 


Railroads: 


Locomotives ...... eitaleetecere Ss eive'so' 6.6.0: wh 0'6 sai 8 086-8 619:.0: 0 of el exes asee 
Nonmotive @eeesecosevooaosvneevoseeeeaeeesevoseseevneveupeeeevueaeeseeoe ea 


Household, commercial, and other: 


3902 


Household ....sceccccace wa weed Sach ahendieseveig 96 iene eoerecenece 
Street and interurban railwayS ..ccccccccnssccesccas 
Public authorities; street and highway lighting .... 
COMMETC LAL. g4.wis sare Wee bua eee Se eae a ee ee ne 


Other eesuvoveeoeosvsveeseeesoeeeveepseeeseaseerenvnonseoreneseeavunnseore 


a sae 


Google 
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|\@ |e [R11 Ole |S Iwm ly 
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100 


Energy supply 
input ¢ work 
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Energy supply 
required, 
all cases 


TABLE 28. - 1965 Indexes (Cont'd.) 


Output or| Work per unit nosey supe | Energy supply 
activity, of output Energy supply required, 
Consumption function and sector all cases 1947 = 100 input s work all cases 
Motion power: 


Railroad locomotives: 


COAL cnvsisaeisieahe ws sWiwabi es dee ee Awisae ea setun inka’ 100 67 1/32 
Fuel Of] ,ccovccccvescccsevsesccvencersseneseveses - - 0 
Diesel Old. cei tacts oviewe ee awh ene nea tacanene ss 100 100 613 
Gasoline ware e ee ere ee eTeheHSREHRreneseeeaeseeeeeeenes 100 100 100 
Electric power (included in Electric power and 
stationary direct drive, above) 
Total, railroad motlon ...crccccereccccccccce 100 - 1/45 
Bunker: 
CORD? ce iu aGiee Wi iietectca aca te: ace Wa ane boa ew BAG ee eared we eres 85 
Fuel. Ol o s ove Ge 0 se 4 ae ea wai A aK we Wee te erne cise ne are 100 
DIESE LOT: secs. ie acai aces Win eraa Maw enor A went Sede See ats 278 
Tote.l: DUNKeT” Syissese de cee see weer Se ee Ses 116 
Motor fuel: 
CErS: sees es ee ee ene Verret eee eee re 119 
Other’ Highway oes ae sev shores ew Saree ae aw ne eusie eereraww 138 
Aviation «is¢ecec. bce actea Batinaed usa toun, vase acasaie ah ara ecdeoaiha 529 
Other norh1 GHVAY vv vedwictiesae esas eeeueswesSetsee 132 
Tractor fuel: Kerosine and Diesel only .....ccscceceres 26 
Army, Navy, Coast Guard: Diesel and fuel ofl only .... 100 


Note: Products will not check, owing to rounding. 
a/ These outfuts and requirements were not estimated directly (see text), 
b/ Energy supply required for heat per B.t.u. of net output for each producing sector was estimated as follows: 


B.t.u. consumption and loss per -B.t.u. of net output 


1965 relative 

1947, to 1947, 1965, 

B.t.u. B.t.u. percent Bit 2; 

Bitiminous coal oiceccssevseeves | O.00413 | O.00271 0.00231 
ANCNPACIGC. wisidatnic sais eeane wean d 024 38 .01923 
Crude" Gl ach ease ease tees Suara ecaee .01833 02099 
Natural gasoline and allied .... | 2.86951 | 1.75380 .87690 
Natural fad ..ccccccccscecccesee | 222973 . 14587 
Coke OVENS ..csescssvacecdicesds |) 214695 24921 
Manufactured @AS ..cscccccccccsce » 30937 «31950 
Petroleum refining ..eseceeeeess | ~10878 14103 
Synthetie-Ols: ssa avec den eu ciee wees - 81818 


Note: The synthetic oil figure includes B.t.u. for power. 


e/ The following estimated average efficiencies (energy supply input ¢ work) were used for household, commercial, 
and other: 


Percent 

1947 1302 
Anthracite. 225i ssisuiwea wt eaes 50 0 
Bituminous coal and coke ... 60 65 


Keros ine eoeeeoavoeoeeoeeoeveveveeaese 60 = 
Fuel oil epeecenvpneevevneneseoeaeenveene 65 TO 
Gas eeoeeseevoeosvseeeceeaeeeeanoeee rie) i) 


a/ Power supply required per B.t.u. of net output for each producing sector was estimated as follows: 


Kw.-hr. consumption per million B.t.u. of net output 


1965, relative 
1939, to 1939, 
Kw.-hr. percent 


Bituminous coal eeeesvseensvoe@neeaeseeneevsvueaenen1 ee 
Anthracite @eeeevevnevoesveesneeseeeeneaeenueeve 


CYUGG O12 ci ois wena eieniete an eien oe! eik ae wea 6042 
Naturul gasoline ...cecccccvccccccccsuce 7.6103 
Natural BAS euvccccccccesecenessnsaseacs 663345 
CORE OVEND cosas csi beh. wee ea oe eee ewes tae .8931 
Manufactured BAS ocvevccevevcscessecrers 4.7730 
Petroleum refinerieS ..sccccccerccecces GB445 


Synthetic o1l (included in heat require- 


e/ Power supply required per kw.-hr. of net output for 1965 was estimated at 0.16425. This is the same as the 1947 
ratio and lower than the 1939 ratio of about 0.26. 

t/ Estimated on the basis of numbers of residential customers and average use per residential customer. 

g/ Department of Commerce estimate, 

h/ Not estimated directly. 

i/ Cases A and B only. The figure for cases C and D is 61. 

a/ Cases A and B only. The figure for cases C and D is 40. 

x/ Cases A and B only. The figure for cases C and D is 152. 

1/ Cases A and B only. The figure for cases C and D is 5l. 
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